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Silk  Mill  Guide 


NUMBERING  YARN. 
Tarn  is  numbered  in  two  ways  to  indicate  tlie  size: 

(a)  By   tlie   fixed    weight   system,    the   number   indicating   the   length 

(hanlis  or  yards)  of  a  fixed  weight. 

(b)  By  the  fixed  length  system,  the  number  indicating  the  weight  of  a 

fixed  length. 
The  principal  standards  for  numbering  yarn  are: 

FIXED  WEIGHT  SYSTEM. 

1,600-yard  lengths  (runs)  per  pound 
840-yard  lengths  per  pound 
5G0-yard  lengths  per  pound 
320-yard  lengths  per  pound 
300-yard  lengths  per  pound 
256-yard  lengths  per  pound 

1-yard  lengths  per  ounce 

1-yard  lengths  per  pound 
992-yard  lengths  per  pound 
496-yard  lengths  per  pound 

FIXED  LENGTH  SYSTEM. 

deniers  (grains  per  038  yards)     . 
drams    per    1,000  yards 
120  yards 
100  yards 
50  yards 
25  yards 
20  yards 
pounds  per  14,400  yards 
Ply  yarn  is  numbered  to  indicate  the  number  of  strands  and  the  size 
of  the  single  yarn.     Thus  2/40s  means  that  two  strands  of  single  40s  are 
placed  together  to  form  a  ply  yarn. 

Spun  silk  is  an  exception  to  this  rule,  the  first  number  indicating  the 
count  or  size  of  the  ply  yarn;  and  the  second  number,  the  number  of  strands. 
Thus,  20/2  spun  silk  indicates  that  2  strands  of  single  40s  have  been  doubled 
or  twisted,  making  a  2-ply  equal  to  a  single  20s. 

MOISTURE  STANDARDS  FOR  TEXTILES. 

Under  ordinary  conditions  textile  materials  carry  moisture  of  which 
the  quantity  varies  with  the  material,  the  temperature  and  the  relative  hu- 
midity of  the  air.  Standards  of  moisture  based  on  the  absolutely  dry 
weight  have  been  adopted  for  regulating  trade  in  textile  materials.  For 
example,  cotton  contains  the  standard  amount  of  moisture  when  lOS'/^ 
pounds  of  the  material  consists  of  8%  pounds  of  water  and  100  pounds  of 
absolutely  dry  cotton. 

Conditioning  is  the  process  of  determining  what  the  weight  of  a  given 
lot   of  textile  material  would  be  if  it  contained  the   standard  amount  of 
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moisture.     Following  are  tlie  principal  standards  recognized  by  the  textile 
'rade : 

8%  per  (  ent.  for  cotton. 

11  per  cent,  tor  silk. 

12  per  cent,  for  tlax  and  hemp. 

18  per  cent,  for  shoddy  yarn. 
13%  per  cent,  for  jute. 

14      per  cent,  for  noils. 

16      per  cent,  for  scoured  wool. 

1S%  per  cent,  for  tops  combed  without  oil. 

I814  per  cent,  for  worsted  yarn. 

19  per  cent,  for  tops  combed  with  oil. 

RESULTING  COUNT  OF  PLY  YARN. 

It  is  frequently  necessary  to  determine  the  count  of  yarn  composed  oi 
two  or  more  strands  of  the  same  or  different  sizes.  Also  to  determine  what 
size  must  be  placed  with  one  or  more  strands  of  different  sizes  to  make  the 
ply  yarn  a  given  size. 

Fixed  Weight  Count. — The  resulting  count  of  a  2-ply  is  equal  to  the 
product  of  the  counts  of  the  singles  divided  by  the  sum  of  the  counts. 

(GO  X  40)  -i-  (60  -I-  40)  —  24s,  count  of  GOs  and  40s. 

Taking   any   convenient   number   of   hanks   as   a   basis,   the    following 
method  can  be  used  for  2  or  more  ply  yarn: 
For  2-ply: 


120 

^-60 

=  2 

lbs 

120 

-^40 

=  3 

" 

120 

--24 

=  5 

" 

10  " 
120  -f- 10  =  12s,  resulting  count  of  60s,  40s  and  24s. 

The  method  of  finding  the  count  to  place  with  other  counts  to  give  a 
desired  ply  count  is  obvious  from  the  above: 

For  2-ply:  Divide  the  product  of  the  known  count  and  ply  count  by  their 
difference. 

(60  X  24) -H  (GO  —  24)^  40s,   count  to  be   placed   with   GOs   to   make  a 
2-ply  equal  to  24s. 

Taking  any  convenient  number  of  hanks  as  a  basis  the  following  method 
can  be  used  for  2  or  more  ply  yarn: 
For  2-ply: 

120 -f- 24  =  5  lbs.,  2-ply  yarn  (24s) 
120-;- 60  =  2  lbs.  60s. 

5  —  2  =  3  lbs.  for  120  hanks  of  desired  count. 

120  -H  3  =  40s,  count  to  be  placed  with  60s  to  make  a  2-ply  equal  to  24s. 
For  3-ply: 

120  H- 12  =  10  lbs.  3-ply  yarn  (12s). 
120  H- 40  =  3  lbs. 
120 -H  24  =  5  lbs. 
5-1-    3  =  8  lbs. 
10 —   8=    2  lbs.  for  120  hanks  of  desired  count. 

120  -;-  2  =  60s,  count  to  be  placed   with   40s  and   24s  to   make  a  3-ply 
equal  to  12s. 

Any  convenient  number  of  hanks  may  be  used  in  these  calculations. 
The  counts  must  be  based  on  the  same  system  of  numbering. 

The  calculations  for  the  fixed  length  system  of  numbering  consist  merely 
of  addition  and  subtraction  and  require  no  explanation. 
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TESTS  OF  RAW  AND  THROWN  SILK. 

Raw  silk  should  be  tested  for  conditioned  weight,  boil-oft,  strength, 
ductility,  size,  uniformity,  winding,  cleanness  and  cohesion. 

Thrown  silk  should  be  tested  for  conditioned  weight,  boil-off,  size, 
length  of  skein  and  strength. 

The  conditioned  weight  of  silk  is  the  absolute  dry  weight  plus  11 
per  cent.,  the  standard  allowance  for  moisture. 

To  determine  the  conditioned  weight  of  a  lot  of  raw  or  thrown 
silk  at  least  40  i)er  cent,  of  the  lot  should  be  conditioned  and  tne  bal- 
ance shirt  or  net  weighed  by  a  Conditioning  House.  The  conditioned 
weight  is  then  calculated  by  proportion  as  follows: 

The  shirt  weight  of  the  tested  portion  is  to  the  conditioned  tveiciht 
of  the  tested  portion  as  the  shirt  iveight  of  the  lot  is  to  the  conditioned 
weight  of  the  lot. 

(Cond.  wt.  tested  portion  x  net  wt.  of  lot.) 

H- Net  wt.  tested  portion  =  Cond.  wt.  of  lot. 
Example,  5  bales  Japan  Raw. 


Mark  and  No. 

Shirt  wt. 

Shirt  wt. 

Cond.  wt., 

F.  P. 

tested  bales 

tested  bales 

8010 

138.82 

138.82 

133.20 

8011 

138.67 

8012 

138.S0 

8013 

138.65 

8014 

137.81 

137.81 

132.50 

Total 

692.75 

276.63 

265.70 

(265.7  X  692.75)  ^  276.63  =  665.38  lbs.,  cond.  wt.  of  lot. 

Raw   silk   should   be   bought   on   a   conditioned   weight   basis   with 
size  and  quality  specified.     Thrown  silk  should  be  purchased  on  condi- 
tioned weight  basis  with  boil-off  guaranteed  and  size  specified. 
Calculating   Invoices. 

An  invoice  for  thrown  silk  contracted,  conditioned,  boil-off  guar 
anteed,  made  upon  throwsters'  net  weight  can  be  calculated  to  show 
the  conditioned  weight  by  the  method  given  above. 

When  tlie  invoice  weight  Is  found  it  may  be  corrected  by  multiply- 
ing by  the  ratio  of  the  clean  fiber  delivered,  to  the  clean  fiber  guar- 
anteed, thus: 

Cond.  wt.  X  clean  fiber  del.  -;  (clean  fiber  guarant'd)  =r  wt,  to  be 
paid  for. 

The  clean  fiber  expressed  in  percentage  is  found  by  subtracting  the 
boil  off  percentage  from  100  per  cent. 

Ex.  Upon  a  contract  for  thrown  silk  reading  "at  $12.00  per  lb. 
conditioned  weight,  boil-off  23%  to  be  adjusted  reciprocally,"  the  seller 
delivers  24  bundles,  net  weight  624  lbs. 

Ten  bundles,  net  weight  242  lbs.,  are  tested  and  are  found  to  be  . 
239.4   lbs.  conditioned  weight  and   boil-off  25.6%. 

First   find    conditioned    weight    of   lot    as   already   explained: 

(239.4  X  624)  ^242  =  617.3    lbs.,   Cond.   wt. 

Clean  fiber  guaranteed  is  100%— 23%  =  77% 

Clean  fiber  delivered  is  100% —25.6%  =74.4% 
Therefore  the  invoice  should  be  corrected  in  the  ratio  of 

74.4%   to   77%: 

(617.3  X  74.4)  -^  77  =  $596.45 

Throwsters'  Clearances.  When  raw  silk  is  purchased  and  sent  to 
a  commission  throwster  to  be  thrown  the  conditioned  weight  and  boil- 
off  of  the  lot  should  be  known.  The  thrown  silk  should  be  returned 
to  the  Conditioning  House  for  conditional  weight  and  boil-off. 

Cond.  wt,  sent  less  raw  boil-off  =:  clean  fiber  sent, 

Cond.   wt.   returned   less   thrown   boil-off  =  clean   fiber  returned. 

Clean  fiber  sent  less  clean  fiber  returned  ^  waste. 

Waste  H-  clean   fiber   sent  =  percentage   of   waste. 

Ex.  Suppose  the  5  bales  of  Japan  listed  above  had  a  boil-oft  of 
19,5%  and  were  sent  to  a  commission  throwster  who  returned  682,4 
lbs.  conditioned   weight,  boil-off  24.1"%,. 
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To  find  the  amount  of  waste. 

100  —  19.5=80.5%   yield 

665.38  X  .805=535.63   lbs.,   cond.   \vt.   of  clean   fiber  sent 

100  —  24.1  =  75.9%    yield 

682.4  X. 759  =  517.94   lbs.,    cond.    wt.    clean   fiber    returned 

535.63  —  517.94  =  17.69  lbs.  waste 

17.69  -¥-  535.63  =  3.30%  waste 

Size.  The  size  on  fineness  of  raw  silk  is  expressed  by  the  limits 
within  which  the  average  of  thirty  test  skeins  taken  from  ten  large 
skeins  must  come. 

For  example.  A  1?/15  denier  raw  silk  is  one  whose  average  size 
is  found  to  be  between  13.5  denier  and  14.5  denier,  i.e.,  it  may  vary  % 
denier  either  above  or  below  14. 

Winding.  The  winding  quality  of  raw  silk  is  found  by  winding 
20  skeins  for  one  hour  at  a  standard  speed  and  counting  the  number 
of  breaks.  From  the  number  of  breaks  the  number  of  swifts  which 
an  average  winder  can  keeii  uii  is  calculated.  D.  E.  Doi'ty. 

WEIGHT  OF  WARP  AND  FILLING. 

Among  the  most  frequent  and  important  calculations  are  those  to 
determine  the  amount  of  warp  or  filling  yarn  required  for  a  given 
amount  of  cloth.  These  calculations  are  required  for  estimating  the 
cost  of  a  fabric,  as  well  as  for  ordering  raw  material  to  cover  orders 
for  goods.  They  are  found  necessary  in  nearly  every  process  of  man- 
ufactuing  textiles,  and  consist  in  finding  the  weight  of  a  given  length 
of  silk  of  a  given  size,  thus: 

Ex.  Find  the  weight  of  15,000  yards  of  3.2-dram  silk. 

15  X  3.2  =  48  drams   (3  ounces),  weight  of  silk. 
Ex.  Find  the  weight  of  35,000  yards  of  21  denier  silk. 

21  denier  =  1.21  dram. 
35  X  1.21^42.35  drams  (2.65  ounces),  weight  of  silk. 
In  mill  work,  however,  the  operations  are  affected  by  various  con- 
ditions, and  as  a   result   the   calculations   may  be  complicated   by   any 
or  all  of  the  following  factors:      (a)   size  of  the  silk;    (ft)   threads  per 
inch;    (c)  take  up  in  weaving;    (d)  waste  in  manufacturing  processes. 

Ex.  Find  quantity  of  warp  and  filling  (raw  silk  weight)  required 
for  100  yards  of  a  silk  fabric  made  as  follows:  6,900  ends  1.70-dram 
organzine,  36  inches  wide  in  the  loom.  88  picks  2.60-dram  tram.  Warii 
take-up,  110  yards  warp  for  100  yards  of  cloth.  Waste,  4  per  cent, 
for  warp  and  7  per  cent,  for  filling. 

Warp 
6.9   (1,000-yd.  lengths)    X   1.70   (drams)=11.73  drams 

per  yd. 
11.73-^256    (drams  per  lb.)  =.046  lb. 
.046  X  110   (yds.  warp)  =.5.06  lbs. 
5.04^.96    (100%— 4%)=5.25   lbs.   warp   per   cut. 

Filling 
(36  X  88)  =3,168  yards  tram. 

3,168    (1,000-yd.   lengths)  X  2.60  =  8.24   drams   per   yd. 
8.24  -^  2.56   (drams  per  lb.)  =.032  lb. 
.032  X  100   (yds.  cloth)   =3.2  lb. 
3.2 -;- .93    (100%— 7%)  =3.44  lbs.  filling  per  cut. 
Having  obtained  a  clear  understanding  of  the  calculations   illus- 
trated by  the  above  example,  the  quantity  of  warp  or  filling  for  any 
given   amount    of  cloth    of   known   construction    can   be   readily   found 
when  tables  are  not  within  reach  or  when  they  do  not  meet  the  jiar- 
ticular   case    presented. 

Tables,  however,  are  valuable  labor  savers  for  these  calculations 
of  warp  and  filling.  The  accompanying  "straight  line"  tables  of  silk 
weights  are  based  on  a  warp  take-up  of  110  yards  of  warp  to  100  yards 
of  cloth,  4.51  per  cent,  for  waste  of  warp,  and  6%  per  cent,  for  waste 
of  filling.  The  weights  given  are  for  100  yards  of  cloth  20  inches  wide 
in  the  loom.     These  particular  allowances  for  waste  are  so  near  those 
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usually  assumed  that  the  differences  are  negligible,  while  they  give 
certain  convenient  relations  which  cause  the  tables  to  visualize  the 
calculations  and  thus  become  to  the  observer  something  more  than  a 
mass  of  arbitrary  figures. 

Take,  for  example,  100  yards  of  20-inch  cloth  made  with  2,000 
ends.  With  a  warpi  take-up  of  110  to  100  there  would  be  (2,000  X  110) 
220,000  yards  of  silk  in  100  yards  of  cloth.  Allowing  10,400  yards  (4.51 
per  cent.)  for  waste,  the  100  yards  of  cloth  will  require  2.30,400  yards 
of  orgaiizine.  If  the  silk  is  1-dram,  the  raw  silk  weight  of  this  length 
is  (230.4 -=- 256)  .9  pound,  the  iceiglit  of  uari)  in  pounds  per  100  yards 
of  2,000-("M(Z  cloth  heiiig  10  per  cent,  less  than  the  dram  mi.mber. 

Take  for  illustration  a  20-inch  cloth  woven  with  60  picks  per  inch. 
There  would  be  (20  X  60)  X  100  =  120,000  yards  of  tram  in  100  yards 
of  cloth.  Allowing  6%  per  cent,  for  waste,  100  yards  of  cloth  will  re- 
quire (120,000  H- 93  3/4)  128,000  yards  of  silk.  If  the  silk  is  1-drani, 
the  raw  weight  of  this  length  is  (128  h- 256)  .5  pound,  the  weight  of 
fUling  in  pounds  per  100  yards  of  GO-piek  cloth  20  in.  wide  Tieing  one- 
half  the  dram  number. 

The  use  of  the  tables  is  illustrated  by  the  following  examples: 
Find  raw  silk  weight  of  warp  and  filling  required  for  100  yards  of 
cloth  made  as  follows: 

6,800  ends  1.70-dram  organzine,  36  inches  wide  in  the 
loom,  8S  picks  2.60  dram  tram. 

Organzine  for  100  yds.  6,S00-end  cloth.  5.20  lbs. 

Tram  for  100  yds.  SS-pick  cloth  20  in.  wide  1.91  lbs. 

(1.91  X  36   in.)  H- 20  =  3.44   lbs.,  tram  for  100  yds.  36 
in.  wide. 


"STRAIGHT  LINE" 
WARP  AND  FILLING  TABLES 

The  size  of  the  silk  is  given  in  drams  and 
deniers  at  the  top  of  each  column.  The  dram 
size  is  in  bold  face  type.  The  denier  equivalent  is 
placed  above  it  in  Roman. 

Warp  Tables.  The  number  of  ends  is  given  in 
the  first  column  in  bold  face  type.  The  weight 
of  silk  in  pounds  (raw  silk  weight)  required  for 
100  yards  of  cloth  is  found  opposite  the  number 
of  ends  and  under  the  respective  size.  For  ex- 
ample, 100  yards  of  cloth  with  4000  ends  of  2.20 
dram  silk  would  require  3.96  pounds  of  warp. 
The  weight  is  based  on  110  yards  of  warp  for  100 
yards  of  cloth  with  an  allowance  of  4.51  per  cent, 
for  waste. 

Filling  Tables.  The  number  of  picks  per  inch 
is  given  in  the  first  column  in  bold  face  type. 
The  weight  of  silk  in  pounds  (raw  silk  weight) 
required  for  100  yards  of  cloth  20  Inches  wide 
is  found  opposite  the  number  of  picks  and  under 
the  respective  size.  For  example,  100  yards  of 
20-inch  cloth  woven  with  90  picks  of  2.S0-dram 
silk  would  require  2.10  pounds  of  tram.  The 
weight  is  based  on  an  allowance  of  G%  per  cent 
for   waste. 


"STRAIGHT  LINE"  SILK  WARP  TABLE 


Denier 

8.7 

9.6 

10.5 

11.3 

12.2 

13.1 

14. 

14.8 

15.7 

16.6 

Dram 

.50 

.55 

.60 

.65 

.70 

.75 

.80 

.85 

.90 

.95 

l.UOO 

115,200 

.22 

.25 

'Zt 

.29 

.31 

.34 

.:» 

.38 

.40 

.43 

1,100 

126,720 

.25 

.27 

.30 

.32 

.35 

.37 

.40 

.42 

.45 

.47 

1,300 

138,240 

.27 

.30 

.32 

.35 

.38 

.40 

.43 

.40 

.49 

.51 

1,300 

149,760 

.29 

.32 

.35 

.38 

.41 

.44 

.47 

.50 

.53 

.56 

1,400 

161,280 

.31 

.35 

.38 

.41 

.44 

.47 

.50 

.54 

.57 

.60 

1,500 

172,800 

.34 

.37 

.40 

.44 

.47 

.51 

.54 

.57 

.61 

.64 

1,600 

184,320 

.36 

.40 

.43 

.47 

.50 

.54 

.58 

.61 

.65 

.68 

1.700 

195,840 

.38 

.42 

.46 

.50 

.54 

.57 

.61 

.65 

.69 

.73 

1,800 

207,360 

.40 

.45 

.49 

.53 

.57 

.61 

.65 

.69 

.73 

.77 

1,900 

218,880 

.43 

.47 

.51 

.56 

.60 

.64 

.08 

.73 

.77 

.81 

2,000 

230,400 

.45 

.49 

.54 

.58 

.63 

.67 

.72 

.76 

.81 

.85 

2,100 

241,920 

.47 

.52 

.57 

.61 

.66 

.71 

.76 

.80 

.85 

.90 

2,200 

253,440 

.49 

.54 

.59 

.64 

.69 

.74 

.79 

.84 

.89 

.94 

2,300 

204,960 

.52 

.57 

.62 

.67 

.72 

.78 

.83 

.88 

.93 

.98 

2,400 

2T0.480 

.54 

.59 

.65 

.70 

.76 

.81 

.86 

.92 

.97 

1.03 

2..')0O 

288.000 

.56 

.62 

.67 

.73 

.79 

.84 

.90 

.96 

1.01 
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1.03 

1,05 

1,SOO 

H'J,760 

.88 

.91 

.94 

.97 

.99 

1.02 

1.05 

1.08 

1.11 

1.14 

1,400 

161,280 

.94 

.98        1.01 

l.W 

1.07 

1,10 

1.13 

1.17 

1.20 

1.23 

1.500 

172,800 
184,320 

1.01 

1.05         1.08 

1.11 

1.15 

I.IS 

1.21 

1.25 

1.28 

1.32 

1,000 

1.08 

1,12         1.15 

1.19 

1.22 

1.20 

1.30 

1.33 

1.37 

1.40 

1,700 

193..S40 

1.13 

1.19 :    1,22 

1.26 

1.30 

1.34 

1.38 

1.42 

1.45 

1.49 

1,800 

207,360 

1.21 

1,26        1.30 

1.34 

1.38 

1.42 

1.46 

1.50 

1.54 

1.58 

1,900 

218,880 

1.28 

1.33        1,37 

1.41 

1.45 

1.50 

1.54 

1.5S 

1.62 

1.67 

2,000 

230,400 
241,920 

1.35 
1.42 

1.39 
1.46 

1.44 

1.48 

1.53 

1.57 

1.62 

1.66 

1.71 

1.75 

2,100 

1.51 

1.56 

1.61 

1.65 

1.70 

1.75 

1.80 

1.84 

3,300 

253,440 

1.48 

1.53        1.58 

1.63 

1.68 

1.73 

1.78 

1.83 

1.88 

1.93 

3,300 

204,'.li;0 

r.55 

1.60        1.66 

1.71 

1.76 

1.81 

1.86 

1.91 

1.97 

2.02 

3,400 

276.483 

1.62 

1.67        1.73 

1.78 

1.84 

1..89 

l.iH 

2.00 

2.05 

2.11 

2,500 

288,000 
2>J9..j20 

1.69 
1.75 

1.74        1.80 

1.81  ,     i.srr 

1.86 
1.93 

1.91 
1.99 

1.97 
2,05 

2.02 

2.08 

2,14 

2.19 

3,600 

2.11 

2.16 

.1  o.> 

2.28 

3,700 

311.040 

1.82 

1.88        1.94 

2.00 

2.07 

2.13 

2.19 

2.25 

2!31 

2.37 

2,800 

322..jli0 

1.89 

1.95  1      2.02 

2.08 

2.14 

2.20 

2.27 

2.33 

2,39 

2.46 

2,900 

334.0,s0 

1.96 

2.02        2.09 

2.15 

2.22 

2.28 

2.35 

2.41 

2.48' 

2.54 

3.000 

343,600 
357,120 

2.02 
2.0U 

2,09 
2.16 

2.16 

2.23 

2.29 

2.36 

2.43 

2.50 

2,36 

2.63 

3,100 

2.23 

2.30 

2.37 

2.44 

2.51 

2.58 

2.65 

2.72 

3,300 

368,640 

2.16 

2,23 

2.30 

2.38 

2.45 

2,52 

2.59 

2.66 

2,74 

2.81 

8.300 

"      380,160 

2.23 

2.30 

2,38 

2.45 

2.52 

2.60 

2.67 

2.75 

2.82 

2.90 

3,400 

391,6,N0 

2.29 

2.37 

2.45 

2.52 

2.60 

2.68 

2.75 

2.83 

2.91 

2.98 

8,500 

403,200 

2.36 

2.44 

2.52 

2.60 

2,68 

2.76 

2.83 

2.91 

2.99 

3.07 

3.B00 

414,720 

2,43 

2.51 

2.39 

2.67 

2,75 

2.83 

2.92 

3m 

3.08 

3.16 

3.700 

426.240 

2.30 

2..38 

2.66 

2.75 

2,83 

2.91 

3.00 

3.08 

3.16 

3.25 

3.800 

437,760 

2.36 

2.05 

2.74 

2.82 

2,91 

2.99 

3.08 

3.16 

3.25 

3.33 

3.900 

449,280 

2.63 

2.72 

2.81 

2.90 

2.98 

3.07 

3.16 

3.25 

3.33 

3.42 

4,000 

460.800 

2.70 

2.79  '      2.88 

2.97 

3.06 

3.15 

3.24 

3.33 

3.42 

3.51 

4,100 

472,:i20 

'2.11 

2.86 

2.93 

3.04 

3,14 

3.23 

3.32 

3.41 

3, .31 

3.60 

4.300 

4.S3,S40 

2.83 

2  93 

3.02 

3.12 

3.21 

3.31 

3,40 

3. .50 

3,59 

3.69 

4.300 

493.360 

2.90 

S.OO 

3.10 

3.19 

3,29 

3.39 

3,48 

3.58 

3.68 

3.77 

4.400 

.     50r,,.8.s0 

2.97 

3.07 

3.17 

3.27 

3.37 

3.46 

3.56 

3.(16 

3,76 

3.85 

4..")00 

318,400 

3.04 

3.14 

3.24 

3.34 

3.44 

3.54 

3.64 

3.75 

3.85 

3.95 

4,600 

529.920 

3,10 

3.21 

3.31 

3.42 

3.52 

3.62 

3.73 

3.83 

3.93 

4.04 

4,700 

341 .440 

3,17 

3.28 

3..'!8 

3,49 

3.00 

3.70 

3.81 

3.91 

4,02 

4.12 

4.800 

532.960 

3.24 

3.35 

3.46 

3.56 

3,67 

3.78 

3.89 

4.00 

4.10 

4.21 

4.900 

564.480 

3.31 

3.42 

3.53 

3.64 

3.75 

3.86 

3.97 

4.0s 

4.19 

4.30 

,1.000 

576.000 

3S7.,320 

3.37 

3.49 

3.60 

3.71 

3.82 

3.94 

4.05 

4.10 

4.27 

4.39 

ft.lOO 

3.44 

3.56 

3.67 

3.79 

3.90 

4.02 

4,13 

4.25 

4,3S 

4.48 

5.300 

599,040 

3.51 

3.63 

3.74 

3.86 

3.98 

4.09 

4.21 

4.33 

4,45 

4.58 

6,300 

610,360 

3.38 

3.70 

3.82 

3.91 

4,05 

4.17 

4.29 

4.41 

4.53 

4.65 

5.400 

622,080 

3.64 

3.T7 

3.89 

4.01 

4,13 

4,25 

4.37 

4.,30 

4,62 

4.74 

5.500 

633,600 
&45,120 

3.71 

3.84 

3.98 

4.08 

4.21 

4.33 

4.45 

4..38 

4,70 

4.83 

5.600 

3.78 

3.91 

4.03 

4.1c 

4.28 

4.41 

4.54 

4,66 

4.79 

4.91 

5,700 

656,640 

3,83 

3.98 

4.10 

4.23 

4.36 

4.49 

4.62 

4.75 

4,. 87 

5.00 

r.sflo 

668,160 

3,91 

4.05 

4.18 

4.31 

4.44 

4.57 

4.70 

4,83 

4.96 

5.09 

5.900 

679,680 

3.98 

4.12 

4.25 

4.38 

4,51 

4.65 

4.78 

4.91 

5.04 

5.18 

G.OOO 

69] ,200 

4.05 

4.18 

4.32 

4.43 

4.59 

4.72 

4.86 

4,99 

3.13 

5.26 

9,300 

714,240 

4.18 

4.32 

4.46 

4.60 

'    4,74 

4,88 

5.02 

5.16 

5.30 

5.44 

6.400 

737.280 

4,32 

4.46 

4.61 

4.75 

4.90 

5,04 

5.18 

5,33 

5.47 

5.62 

6,600 

760.320 

4.45 

4.60 

4.75 

4.90 

5.05 

5,20 

5.35 

5.49 

5.64 

5.79 

fl.800 

783.360 

4..39 

4.74 

4.90 

5.05 

5.20 

5,35 

5.51 

3,66 

5,81 

5.97 

7.000 

806.460 

4.72 

4.88 

5.04 

5.20 

5,35 

5.51 

5.67 

5,.83 

5.98 

6.14 

7,200 

.«29,440 

4.8S 

5.02 

5.18 

5.35 

5.51 

5,67 

5.83 

5,99 

6,16 

6.32 

7.400 

832,480 

4.99 

5.16 

5,33 

5.49 

5.66 

5.83 

5.99 

6.16 

6,33 

6.49 

7.600 

875..320 

5.13 

5.30 

5,47 

5.64 

5,81 

5.98 

6.16 

6,33 

6,.30 

6.67 

7,800 

8flS..560 

5.26 

5.44 

5.62 

,5.79 

5.97 

6,14 

6.32 

6,49 

6.67 

6.84 

8.000 

921,600 

5.40 

5.58 

5.76 

5.94 

6.12 

6,30 

6.48 

6,66 

6,.84 

7.02 

8.200 

944,640 

5.53 

5.72 

5.90 

6.09 

6,27 

6.46 

6.64 

6.a3 

7,01 

7.20 

8.400 

967,680 

.5.67 

5.,86 

6.05 

6,24 

6,43 

6.61 

6.80 

6,99 

7,18 

7.37 

8.600 

990.720 

5.80 

6,00 

6.19 

e.^9 

6,58 

6.77 

6.97 

7.16 

7.35 

7.55 

8.800 

1,013,760 

5.94 

6.14 

6.34 

6.53 

6.73 

6.93 

7.13 

7.33 

7..52 

7.72 

9,000 

],0,';6,S00 

6.07 

6,28 

6.48 

6,68 

6.88 

7.09 

7.29 

7.49 

7,69 

7.90 

9.200 

1,0.39,840 

6.21 

6,42 

6.62 

6.83 

7.01 

7.24 

7.45 

7.66 

7,.87 

8.07 

9.400 

1.082.880 

6.34 

6.56 

6.77 

6.98 

7,19 

7.40 

7.61 

7.83 

R.M 

8.25 

9.600 

1,103.920 

6.48 

6.70 

6.91 

7,13 

7.34 

7..56 

7.78 

7.99 

8.21 

8.42 

9.800 

1.128,960 

6.61 

6,84 

7.06 

7,2s 

7,.30 

7.72 

7.94 

8.16 

8.38 

8.60 

10.000 

1.1.52,000 

6.75 

6.97 

7.20 

7.42 

7.65 

7.87 

8.10 

8.32 

8.55 

8.77 

'STRAIGHT  LINE"  SILK  WARP  TABLE 


Deuicr 

34.9 

35,8 

36.6 

37,5 

3S.4 

39.2 

40.1 

41. 

41.9 

42.7 

Dram 

2.00 

2.05 

2.10 

2.15 

2,20 

2.25 

2.30 

2.35 

2.40 

2.45 

1,000 

110,200 

.90 

.92 

.94 

.97 

.99 

1.01 

1.03 

1.00 

1.08 

1.10 

1,1  uo 

120.720 

.99 

1.01 

1.04 

1.00 

1.09 

1.11 

1.11 

1.16 

1.19 

1.21 

i,;;oo 

l;jS,240 

l.ON 

1.11 

1.13 

1,10 

1.19 

1.21 

1,24 

1.27 

1.30 

1.32 

1,300 

ll',),7U0 

1.17 

1.20 

1.23 

1.26 

1.29 

1.32 

1.35 

1.37 

1.10 

1.43 

1,400 

161,280 

1.20 

1.29 

1.32 

1.30 

1.39 

1.42 

1.45 

1.48 

1.01 

1.54 

1,S00 

172.S00 

1,00 

1.38 

1.12 

1.45 

1.48 

1.02 

1.00 

1.59 

1.02 

1.65 

1,U0U 

lS4,a20 

1.44 

I.IS 

1.01 

1.55 

1.08 

1.62 

1.66 

1.69 

1.73 

1.76 

1,700 

lOo.MO 

1.53 

1.07 

1.01 

1.64 

1.68 

1.72 

1.76 

1.80 

1.84 

1.87 

1,800 

207,360 

1.62 

1.66 

1.70 

1,74 

1.78 

1.S2 

1..S6 

1.90 

1.94 

1.98 

1,900 

21S,SS0 

1.71 

1.75 

1.80 

l.Sl 

1.88 

1.92 

1.97 

2.01 

2.05 

2.09 

2,000 

230,100 

1.80 

l.fvl 

1.88 

1.93 

1.9S 

2.02 

2.07 

2.11 

2,16 

2.20 

2,100 

211,920 

1.89 

1.94 

1,98 

2.03 

'    2.08 

2.13 

2.17 

2.22 

2.27 

2.32 

2,aoo 

253,440 

1.98 

2.03 

2.08 

2.13 

2.18 

2.23 

2.28 

2.33 

2.38 

2.43 

2,300 

264,960 

2.07 

2.12 

2.17 

2.23 

2.28 

2.33 

2.38 

2.43 

2.48 

2.54 

2,400 

276,480 

2.16 

2.21 

2.27 

2.32 

2.38 

2.43 

2.48 

2.54 

2.59 

2.65 

2,500 

288,000 

2.25 

2.31 

2.36 

2.42 

2.47 

2.03 

2.59 

2.65 
2.75 

2.70 
2.81 

2.70 

2,«U0 

299,020 

2.34 

2.40 

2.46 

2.02 

2.57 

2.63 

2.69 

2.87 

2,700 

311,040 

2.43 

2.49 

2.55 

2.61 

2.67 

2.73 

2.79 

2.86 

2,92 

2.98 

2.800 

822.560 

2.52 

2.58 

2.65 

2.71 

2.77 

2.83 

2.90 

2.96 

3.02 

3.09 

3,900 

334,080 

2.61 

2.68 

2.74 

2.81 

2.87 

2.94 

3.00 

3.07 

3.13 

3.20 

3,000 

345,000 

2.70 

2.77 

2.83 

2.90 

2.97 

3.04 

3.10 

3.17 

3.24 

3.31 

3,100 

357,120 

2.79 

2.86 

2.93 

3.00 

3.U7 

3.14        3.21 

3.28 

3.35 

3.42 

3,200 

368,640 

2.88 

2.95 

3.02 

3.10 

3.17 

3.24        3.31 

3.38 

3.46 

3.53 

8,300 

380,160 

2.97 

3.04 

3.12 

3.19 

3.27 

3.34        3.42 

3.49 

3.56 

3.61 

3,400 

301,680 

3.06 

3.14 

3.21 

3.29 

3.37 

3.44        3.52 

3.60 

3.67 

3.75 

3.500 

403.200 

3.15 

3.23 

3.31 

3.39 

3.46 

3.54        3.62 

3.70 

3.78 

3.83 

8,600 

414,720 

3.24 

3,32 

3.40 

3.48 

3.56 

3.64        3.73 

3.81 

3.89 

3.9,- 

3,700 

426,240 

3.33 

3,41 

3.50 

3,08 

3,66 

3.75        3.83 

3.91 

4.00 

4.08 

3.800 

437,760 

3.42 

3.51 

3.59 

3.68 

3.76 

3.85        3.93 

4.02 

4.10 

4.19 

3,900 

449,280 

3.51 

3.60 

3.69 

3.77 

3..S6 

3.95  i     4.04 

4.12 

4.21 

4.30 

4,000 

460,800 

3.60 

3.69 

3.78 

3.87 

3.96 

4.05 

4.14 

4.23 

4.32 

4.41 

4,100 

472,320 

3.69 

3.78 

3.87 

3.97 

4.06 

4.15 

4.24 

4.34 

4.43 

4.02 

4,200 

483,840 

3.78 

3.87 

3.97 

4.06 

4.16 

4.25 

4.::5 

4.44 

4.54 

4.6,i 

4,300 

495,360 

3.S7 

3.97 

4.06 

4.16 

4.28 

4.35 

4.45 

4.55 

4.(Vt 

4.74 

4,400 

506,880 

3.96 

4.06 

4.16 

4.26 

4.38 

4.45 

4.55 

4.65 

4.75 

4.85 

4,500 

518.400 

4.05 

4.15 

4,25 

4.35 

4.45 

4.56 
4.66 

4.66 

4.76 

4.86 

4.96 

4,600 

529,920 

4.14 

4.24 

4.35 

4.45 

4.05 

4.76 

4.80 

4.97 

5.07 

4,700 

541,440 

4.23 

4.34 

4.44 

4.55 

4.65 

4.76 

4.86 

4.97 

5.08 

5.18 

4.800 

552,960 

4.32 

4.43 

4.54 

4.64 

4.75 

4.86 

4.97 

5.08 

5.18 

5.29 

4,900 

564,480 

4,41 

4.52 

4.63 

4.74 

4,85 

4.96 

■  5.07 

5.18 

5.29 

5.40 

6,000 

576,000 

4.50 

4.61 

4.72 

4.84 

4,95 

5.08 

5.17 

5.29 

5.40 

5.51 

6.100 

587,520 

4.59 

4.70 

4.82 

4.93 

0.05 

5.16 

5.28 

5.39 

5,51 

5.62 

6,200 

599,040 

4.68 

4,80 

4.91 

5.03 

5.15 

5.26 

5.38 

5.50 

5.62 

5.73 

6,300 

610,560 

4.77 

4,89 

5.01 

5.13 

5.25 

5.37 

5.49 

5,00 

5.72 

5.84 

6,400 

622,080 

4.86 

4.98 

5.10 

5.22 

5..35 

5.47 

0.59 

5.71 

5.83 

5.95 

5.500 

633,600 

4.95 

5.07 

5.20 

5,32 

5.44 

5.57 

5.69 

5.82 

5.94 

6.06 

5,600 

645,120 

5.04 

5.17 

5.29 

5,42 

5.54 

5.67 

0..S0 

5.92 

6.05 

6.17 

6,700 

056,640 

5.13 

5.26 

,5.39 

5,51 

5.64 

5.77 

5.90 

6.03 

6.16 

6.28 

5,800 

668,160 

5.22 

5.35 

5.48 

5.61 

5.74 

5.87 

6.00 

6.13 

6.20 

6.30 

6,900 

679,680 

5.31 

5.44 

5..58 

0.71 

5,.S4 

5.97 

•  6.11 

6.24 

6.37 

6..50 

6,000 

691,200 

5.40 

5.53 

5.67 

5  8:i 

5,94 

6.07 

6.21 

6.34 

6.18 

6.61 

6,200 

714,240 

5.5S 

5,72 

5.86 

6.00 

6,14 

"    6.28 

6.42 

6.56 

6.70 

6.84 

6,400 

737,280 

5.76 

5.90 

6.05 

6.19 

6,34 

6.48 

6.62 

6.77 

6.91 

7.06 

6,600 

760.320 

5.04 

6.09 

6,24 

6.39 

6,.03 

6.68 

6.a3 

6.98 

7.13 

7.28 

6,800 

783.360 

6.12 

6.27 

6.43 

6.58 

6.73 

6..S8 

7.04 

7.19 

7.31 

7.50 

7.000 

806.400 

6.30 

6.46 

6.01 

6.77 

6.93 

7.09 

7.24 

7.40 

7.."i6 

7.72 

7.200 

829.440 

6.48 

6.64 

6.80 

6.97 

'    7.13 

7.29 

7.40 

7.61 

7.78 

7.94 

7.400 

.ViS.lSO 

6.66 

6.,S3 

6.99 

7.16 

7,33 

7.49 

7.66 

7.S3 

7.99 

8.16 

7,600 

875,520 

6.84 

7.01 

7.18 

7.35 

7,52 

7.69 

7.,S7 

8.04 

8.21 

8.38 

7.800 

898,  ."WO 

7.02 

7.20 

7,37 

7..55 

7.72 

7.90 

8.07 

8.25 

8.42 

8.60 

8,000 

921,600 

7.20 

7.38 

7.56 

7.74 

7.92 

8.10 

8.28 

8.46 

S.M 

8.82 

8.200 

944.640 

7.38 

7,56 

7.75 

7.93 

8.12 

S..'!0 

8.49 

8.67 

8.80 

9.04 

8.400 

967.680 

7.56 

7.75 

7.94 

8.13 

8.32 

8..50 

8.69 

8.88 

9,07 

9.26 

8,nao 

990.720 

7.74 

7,93 

8.13 

8,32 

8,.51 

8.71 

8.90 

9.09 

9,29 

9.48 

8.800 

3.01 3,760 

7.92 

8.12 

8.32 

8.51 

8,71 

8.91 

9.11 

9.31 

9..50 

9.70 

9.000 

1.036.800    1 

8.10 

8,30 

8,50 

8.71 

S.91 

9.11 

9.31 

0  Tj'^ 

9.72 

9.92 

9.-,;oo 

l.n.-)!>,S40 

8.28 

8.49 

8,69 

8.90 

9.11 

9.31 

9.52 

9.73 

9.94 

10.14 

9.400 

1.0S2,SSO 

8.46 

s.trr 

8,88 

0.09 

9,31 

9..'i2 

9,73 

0.94 

10.15 

in.3R 

9.600 

1,105.920 

8.64 

8„S6 

9,07 

9.29 

9..50 

9.72 

9,94 

10.15 

10.37 

10.58 

9.8(10 

1  128,960 

RS2 

9,04 

9,26 

9  48 

9  70 

9  92 

10,14 

in.'!'; 

10.58 

10.80 

10,000 

l,l."i2.000 

9no 

9.22 

9.45 

9.67 

9,90 

10,12 

10..35 

10.57 

10.80 

11.02 

"STRAIGHT  LINE"  SILK  WARP  TABLE 


IM'iiier 

43.0 

44.5 

45.3 

46.2 

47.1 

48. 

4S.8 

49.7 

50.6 

51.4 

Dram 

2.50 

2,55 

2.60 

2.65 

2,70 

2.75 

2.80 

2.85 

2.90 

2.95 

1,000 

115,200 

1.12 

1.15 

1.17 

1.19 

1.21 

1.24 

1.20 

1.28 

1.30 

1.33 

l,iuo 

lliO.Tl'U 

1.24 

1.20 

1.29 

1.31 

1.34 

l.o6 

1.39 

1.41 

1.44 

1.40 

1,200 

13S,::40 

1.35 

1.38 

1.40 

1.43 

1.46 

1.48 

1.51 

1.54 

1.57 

1.59 

1,300 

149,700 

1.46 

1.49 

1.52 

1.55 

1.58 

1.61 

1.64 

1.67 

1.70 

1.73 

1,400 

lUl.J.SO 

1.57 

1.61 

1.64 

1.6? 

1.70 

1.73 

1.76 

1.80 

1.83 

1.86 

1  SUO 

172.S(«) 

1.69 
1.80 

1.72 
1.84 

1.75 

1.79 

1.82 
1.94 

1.86 
1.98 

1.89 
2.02 

1.92 
2.05 

1.96 
2.00 

1.99 

1,600 

l>M,;i20 

1.87 

1.91 

2.12 

1,700 

195,840 

1.91 

1.95 

1.99 

2.03 

2.07 

2.10 

2.14 

2.18 

2  22 

2.26 

1,800 

207,360 

2.02 

2.07 

2.11 

2.15 

2.19 

2.23 

2.27 

2.31 

2!35 

2.39 

1,900 

218.880 

2,14 

2.18 

2  22 

2.27 

2.31 

2.35 

2.3J 

2.44 

2.48 

2.52 

2,000 

230.400 

2,25 

2.29 

2.34 

2.38 

2.43 

2.47 

2.52 

2.56 

2.01 

2.65 

2,100 

241,920 

2.36 

2.41 

2.46 

2.50 

2.55 

2.60 

2.65 

2.69 

2.74 

2.79 

2,200 

253,440 

2.47 

2.52 

2.57 

2.62 

2.67 

2.72 

2.77 

2.82 

2.87 

2.92 

2,800 

264,960 

2.59 

2.64 

2.69 

2.74 

2.79 

2.85 

2.90 

2.95 

3.00 

3.05 

2,400 

276,480 

2.70 

2.75 

2.81 

2.86 

2.92 

2.97 

3.02 

3.08 

3.13 

3.19 

2,500 

288.000 

2.81 

2.87 

2.92 

2.98 

3.04 

3.09 

3.13 

3.21 

3.20 

3.32 

2,600 

299.520 

2.92 

2.98 

3.04 

3.10 

3.16 

3.22 

3.28 

3.33 

3.39 

3.45 

2,700 

311,040 

3.04 

3.10 

3.16 

3.22 

3.28 

3.34 

3.40 

3.46 

3.52 

3.58 

2,800 

322,560 

3.15 

3.21 

3.28 

3.3 1 

3.40 

3.46 

3..53 

3.59 

3.65 

3.72 

2,900 

334,080 

3.20 

3.33 

3.39 

3.40 

3.52 

3.59 

3.1 » 

3.72 

3.78 

3.85 

3,000 

345,000 

3.37 

3.44 

3.51 

3.58 

3.64 
3.77 

3.71 
3.84 

3.78 

3.85 

3.91 

4.05 

3.98 

3,100 

357.120 

3.49 

3.56 

3.63 

3  70 

3.91 

3.98 

4.12 

3,200 

368,640 

3.60 

3.67 

3.74 

3.82 

3.89 

3.96 

4.03 

4.10 

4.18 

4.25 

3,300 

380,100 

3.71 

3.79 

3.86 

3.94 

4.01 

4.08 

4.16 

4.23 

4.31 

„  4.38 

3,400 

391,680 

3.82 

3.90 

3.98 

4.05 

4.13 

4.21 

4.28 

4.30 

4.44 

4.51 

S,BOO 

403,200 

3.94 

4.02 

4.09 

4.17 

4.25 

4.33 

4.41 

4.49 

4.57 

4.65 

3,009 

414,720 

4.05 

4.13 

4.21 

4.29 

4,37 

4.45 

4.54 

4.02 

4.70 

4.78 

3.700 

426,240 

4.16 

4.25 

4.33 

4.41 

4.50 

4..58 

4.66 

4.75 

4.83 

4.91 

3,800 

437,760 

4.27 

4.36 

4.45 

4.53 

4.62 

4.70 

4.79 

4.87 

4.96 

5.04 

3,900 

449,280 

4.39 

4.48 

4.56 

4.05 

4.74 

4.83 

4.91 

5.00 

5.09 

5.18 

4.000 

460.800 

4.50 

4.59 

4.68 

4.77 
4.89 

4.86 

4.95 

5.04 

5.13 

5.22 

5.31 

4,100 

472,320 

4.«t 

4.70 

4.80 

4.98 

5.07 

5.17 

5.20 

5.35 

5.44 

4,200 

4,83,840 

4.72 

4.82 

4.91 

5.01 

5.10 

5.20 

5.29 

5.39 

5.48 

5..^8 

4,.'<00 

495.300 

4.84 

4.93 

5.03 

5.13 

5.22 

5.32 

5.42 

5.51 

5.61 

5.71 

4,400 

506,S,S0 

4.95 

5.05 

5.15 

5.25 

5.35 

5.44 

5.54 

5.04 

5.74 

5.84 

4.500 

518,400 

5.06 

.5.16 

5.26 

5.37 

5.47 

5.57 

5.07 

5.77 

5.87 

5.97 

4,600 

529.920 

5.17 

5.28 

5.38 

5.49 

5.59 

5.69 

5.80 

5.90 

6.00 

6.11 

4,700 

541,440 

5.29 

5.39 

5.50 

5.60 

5.71 

5.82 

5.92 

6.03 

6.13 

6.24 

4,800 

552.900 

5.40 

5.51 

5.62 

5.72 

5.83 

5.94 

6.05 

6.16 

6.26 

6,37 

4.900 

564,480 

5,51 

5.62 

5.73 

5.84 

5.95 

6.06 

6.17 

.6.28 

6.39 

0.50 

5.000 

576.000 

5,62 

5.74 

5.85 
5.97 

5.96 
6.08 

6.07 

6.19 
6.31 

6.30 

6.41 

6.52 

6.64 

5,100 

587,520 

5.74 

5.85 

6.20 

6.43 

6.54 

6.06 

6.77 

5,200 

599,040 

5..S5 

5.97 

6.08 

6.20 

6.32 

6.43 

6.55 

6.07 

6.79 

6.90 

5,300 

610,560 

5.96 

6.08 

6.20 

6.32 

6.44 

6.50 

6.08 

6.80 

6.92 

7.04 

6,400 

622,080 

6.07 

6.20 

6.32 

6,44 

6.56 

6.68 

6.80 

6.93 

7.05 

7.17 

5.500 

633,600 

6.19 

fi.31 

6.43 

6.56 
6.68 

6.0.8 

6.81 

6.93 

7.0.-) 
7.18 

7.18 
7.31 

7.30 

5,600 

645,120 

6.30 

6.43 

6.55 

6.80 

6.93 

7.0() 

7.43 

6,700 

650,640 

6.41 

6.54 

6.67 

6.80 

6.03 

7.05 

7.18 

7.31 

7.44 

7.57 

5,800 

-    66,8,160 

6.52 

.    6.66 

6.79 

0.92 

7.05 

7.18 

7.31 

7.44 

7.57 

7.70 

5,900 

679.680 

6.64 

6.77 

6.90 

7.04 

7.17 

7.30 

7.43 

7.57 

7.70 

7.83 

0.000 

091,200 

6.75 

0.88 

7.02 

7.15 
7.39 

7.29 
7.53 

7.42 
7.67 

7.156 

7.09 

7.83 

7.96 

6,200 

714,240 

6.97 

7.11 

7.25 

7.81 

7.95 

8.09 

8.23 

0.400 

737,280 

7.20 

7.34 

7.49 

7.63 

7.78  ■ 

7.92 

8.06 

8.21 

8.35 

8.50 

0,000 

760,320 

7.42 

7.57 

7.72 

7.87 

8.02 

8.17 

8.32 

8.46 

8.61 

8.70 

0800 

783.360 

7.65 

7.80 

7.96 

8.11 

8.26 

8.41 

8.57 

8.72 

8.87 

9.03 

7.000 

806,400 

7.87 

8.03 

8.19 

8.35 
8.59 

8..50 

8.60 

8.,'<2 
9.07 

8.98 

9.13 

-.1.29 

7.200 

829.440 

8.10 

8.26 

8.42 

8.75 

8.91 

9.23 

9.40 

9.,56 

7.400 

852.4,80 

8.32 

8.49 

8.66 

8.82 

8.99 

9.16 

9.32 

9.49 

9.06 

9.82 

7,600 

875,.520 

8..55 

8.72 

8.89 

9.06 

9.23 

9.40 

9.58 

9.75 

9.92 

10.09 

7.f00 

898,560 

8.77 

8.95 

9.13 

9.30 

9.48 

9.65 

9.83 

10.00 

10.18 

10.35 

8.000 

921.600 
944,640 

9.00 
9.22 

9.18 
9.41 

8.36 
9.!59 

9.54 
9.7S 

9.72 
9.96 

9.00 
10.15 

10.08 
10.33 

10.26 

10.44 

10.62 

8,200 

10..52 

10.70 

10.89 

8.400 

987,680 

9.45 

9.64 

9.83 

10.02 

10.21 

10.39 

10..58 

10.77 

10.96 

11.15 

8.600 

900,720 

9.07 

9.87 

10.06 

10.26 

10.45 

10.64 

10.84 

11.03 

11.22 

11.42 

8.800 

:, 013,760 

9.90 

10.10 

10.30 

10.49 

10.69 

10.8:1 

11.09 

11.20 

11.48 

1 1 .08 

O.OOO 

1.036..S00 

10.12 

10.33 
~10.56' 

10..53 
10.76 

10.73 
10.97 

10.93 
11.18 

11.14 
11.38 

11.34 

11.54 

11.74 

11.95 

9.;!(HI 

1.0.j9,,840 

10,35 

11.59 

11.80 

12.01 

12.21 

9.400 

1.0.82,880 

10.57 

10.79 

11.00 

11.21 

11.42 

11.63 

11.84 

12.06 

12.27 

12.48 

9,500 

1.105.920 

10..80 

11.02 

11.23 

11.45 

1 1 .60 

11.88 

12.10 

12.31 

12..-.3 

12.74 

9.801 

1.1^«.9r,0 

11.02 

11. ?5 

11.47 

11.09 

11.91 

12.13 

12..-!5 

12..57 

12.79 

13.01 

lO.O'^O 

1,T12.000 

11,25 

11.47 

11.70 

11.92 

12.15 

12.37 

12.60 

12.82 

13.05 

13.27 

10 


"STRAIGHT  LINE"  SILK  FILLING  TABLE 


Denier 

20.2 

27.9 

29.6 

31.4 

a.'S.i 

34.9 

36.0 

3S.4 

40.1 

41 .9 

Dram 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 

2.40 

60 

ior,.nG7 

.62 

.67 

.71 

.75 

.79 

.83 

.87 

.92 

.96 

i.on 

63 

110.!)33 

.65 

.69 

.74 

.78 

.82 

.87 

.91 

.95 

1.00 

1.01 

64 

115,200 

.67 

.72 

.76 

.81 

.85 

.90 

.94 

.99 

1.03 

l.OS 

66 

ni>,467 

.70 

.75 

.79 

M 

.80 

.93 

.98 

1.03 

1.07 

1.12 

68 

12»,733 

.72 

.77 

.82 

.87 

.92 

.97 

1.01 

1.00 

1.11 

1.16 

60 

128,000 

.75 

.80 

.&5 

.90 

.05 

1.00 

1.0.-) 

1.10 

1.15 

1.20 

62 

132,2t)7 

.77 

.83 

.88 

.93 

.98 

1.03 

1.08 

l!l4~ 

1.19 

1.24 

64 

136,533 

.80 

.85 

.91 

.96 

1.01 

1.07 

1.12 

1.17 

1.23 

1.28 

66 

140,800 

.82 

.88 

.93 

.90 

1.04 

1.10 

1.15 

1.21 

1.26 

1.32 

68 

145,067 

.85 

.91 

.96 

1.02 

1.08 

1.13 

1.19 

1.25 

1.30 

1.30 

70 

149,333 

.87 

.93 

.99 

1.05 

1.11 

1.17 

1.22 

1.28 

1.34 

140 

n 

153,600 

.90 

.96 

1.02 

1.08 

1.14 

1.20 

1.26 

1.32 

1.38 

l.U 

74 

157.867 

.92 

.99 

1.05 

1.11 

1.17 

1.23 

1.29 

1.30 

1.42 

1.48 

70 

162,133 

.95 

1.01 

1.08 

1.14 

1.20 

1.27 

1.33 

1.39 

1.46 

1.52 

78 

166,400 

.97 

1.04 

1.10 

1.17 

1.23 

1.30 

1.36 

1.43 

1.49 

1.50 

80 

170,667 

1.00 

1.07 

1.13 

1.20 

1.27 

1.33 

1.40 

1.47 

1.53 

1.63 

83 

174,933 

1.02 

1.09 

1.16 

1.23 

1.30 

1.37 

1.43 

1.50 

1.57 

1.64 

84 

179,200 

1.05 

1.12 

1.19 

1.26 

1.33 

1.40 

1.47 

1.54 

1.61 

1.68 

86 

183,467 

1.07 

1.15 

1.22 

1.29 

1.36 

1.43 

1.50 

1.58 

1.65 

1.72 

88 

187,733 

1.10 

1.17 

1.25 

1.32 

1.39 

1.47 

1.54 

1.01 

1.69 

1.70 

90 

192,000 

1.12 

1.20 

1.27 

1.35 

1.42 

1.50 

1.57 

1.05 

1.72 

1.80 

9i 

196,267 

1.15 

1.23 

1.30 

1.38 

1.46 

1.53 

1.61 

1.69 

1.76 

1.84 

94 

2(H),533 

1.17 

1.25 

1.33 

1.41 

1.40 

1.57 

1.64 

1.72 

1.80 

1.88 

96 

2(I4,SOO 

1.20 

1.28 

1.36 

1.44 

1.52 

1.60 

1.68 

1.76 

1.84 

1.92 

98 

2o;>,OU7 

1.22 

1.31 

1.39 

1.47 

iMi 

1.63 

1.71 

1.80 

1.88 

1.96 

100 

213,333 

1.25 

1.33 

1.42 

1.50 

1.58 

1.67 

1.75 

1.83 

1.92 

2.00 

103 

217,600 

1.27 

1.36 

1.44 

1.53 

1.61 

1.70 

1.78 

1.87 

1.95 

2.04 

IM 

221,867 

1.30 

1.39 

1.47 

1.56 

1.65 

1.73 

1.82 

1.91 

1.99 

2.08 

106 

226,133 

1.32 

1.41 

1.50 

1.59 

1.68 

1.77 

1.85 

1.94 

2.03 

2.12 

108 

230,400 

1.35 

1.44 

1.53 

1.62 

1.71 

1.80 

1.89 

1.98 

2.07 

2.10 

110 

234,667 

1.37 

1.47 

1.56 

1.65 

1.74 

1.83 

1.92 

2.02 

2.11 

2.20 

112 

23S,933 

1.40 

1.49 

1.59 

1.68 

1.77 

1.87 

1.96 

2.05 

2.15 

2.24 

114 

243,200 

1.42 

1.52 

1.61 

1.71 

1.80 

1.90 

1.99 

2.09 

2.18 

2.28 

110 

247,467 

1.45 

1.55 

1.64 

1.74 

1.84 

1.93 

2.03 

2.13 

2.22 

2.32 

118 

251,733 

1.47 

1.58 

1.67 

1.77 

1.87 

1.97 

2.06 

2.17 

2.20 

2.3e 

120 

256,000 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 

2.40 

122 

260,267 

1.52 

1.63 

1.73 

1.83 

1.93 

2.03 

2.13 

2.24 

2.34 

2.44 

124 

264,533 

1.55 

1.65 

1.76 

1.86 

1.96 

2.07 

2.17 

2.27 

2.38 

2.4S 

126 

268,800 

1.57 

1.68 

1.78 

1.89 

1.99 

2.10 

2.20 

2.31 

2.41 

2.52 

128 

273,067 

1.60 

1.71 

1.81 

1.92 

2.03 

2.13 

2.24 

2.35 

2.45 

2.56 

ISO 

277,333 

1.62 

1.73 

1.84 

1.95 

2.06 

2.17 

2.27 

2.38 

2.49 

2.6  J 

132 

281,600 

1.65 

1.76 

1.87 

1.98 

2.09 

2.20 

2.31 

2.42 

2.53 

2.64 

134 

285,867 

1.67 

1.79 

1.90 

2.01 

2.12 

2.23 

2.34 

2.40 

2.57 

2.68 

136 

290,133 

1.70 

1.81 

1.93 

2.04 

2.15 

2.27 

2.38 

2.49 

2.61 

2  T'^ 

138 

294,400 

1.72 

1.84 

1.95 

2.07 

2.18 

2^.30 

2.41 

2.53 

2.64 

2!7G 

140 

298,667 

1.75 

1.87 

1.98 

2.10 

o  oo 

2.33 

2.45 

2.57 

2.08 

2.80 

142 

302,933 

1.77 

1.89 

2.01 

2.13 

2.25 

2.37 

2.48 

2.60 

2.72 

2.84 

144 

307,200 

1.80 

1.92 

2.04 

2.16 

2.28 

2.40 

2.52 

2.64 

2.76 

2.88 

146 

311,467 

1.82 

1.95 

2.07 

2.19 

2.31 

2.43 

2.55 

2.68 

2.80 

2.92 

148 

315,733 

1..S5 

1.97 

2.10 

o  22 

2.34 

2.47 

2.59 

2.71 

2.84 

2.96 

160 

320,000 

1.87 

2.00 

2.12 

2.25 

2.37 

2.50 

2.62 

2.75 

2.87 

sm 

152 

324,267 

1.90 

2.03 

2.15 

2.28 

2.41 

2.53 

2.66 

2.79 

2.91 

3.04 

154 

328,533 

1.92 

2.05 

2.18 

2.31 

2.44 

2.57 

2.69 

2..S2 

2.95 

3.08 

156 

332,800 

1.95 

2.08 

2.21 

2.34 

2.47 

2.60 

2.73 

2..86 

2.99 

3.12 

168 

337,067 

1.97 

2.11 

2.24 

2.37 

2..50 

2.63 

2.76 

2.90 

3.03 

3.10 

160 

341.333 

2.00 

2.13 

2.27 

2.40 

2..'J3 

2.67 

2.80 

2.93 

3.07 

3.20 

162 

345,600 

2.02 

2.10 

2.29 

2.43 

2.56 

2.70 

2.83 

2.97 

3.10 

3.24 

164 

349,867 

2.05 

2.19 

2.32 

2.46 

2.00 

2.73 

2.87 

3.01 

3.14 

3.28 

166 

354.133 

2.07 

2  **1 

2.35 

2.49 

2.63 

2.77 

2.90 

3.04 

3.18 

3.32 

168 

358,400 

2.10 

2^24 

2.38 

2.52 

2.66 

2.80 

2.94 

3.08 

3.22 

3.30 

170 

302.667 

2  12 

2  27 

2.41 

2.55 

2.69 

2.83 

2.97 

3.12 

3.26 

3.40 

172 

306,933 

2.15 

2.29 

2.44 

2.58 

o  22 

2.87 

3.01 

3.15 

3.30 

3.44 

174 

371,200 

2.17 

2.32 

2.46 

2.61 

2.75 

2.90 

3.04 

3.19 

3.33 

3.48 

176 

375,407 

2.20 

2.35 

2.49 

2.64 

2.79 

2.93 

3.08 

3.23 

3.37 

3.52 

178 

379,733 

2  22 

2.37 

2.52 

2.67 

2.82 

2.97 

3.11 

3.26 

3.41 

3.56 

180 

384.000 

2.25 

2.40 

2.55 

2.70 

2. So 

3.00 

3.15 

3.30 

3.45 

3.00 
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Dt-nier 

43.6 

4.-I.3 

47.1 

4S,.S 

50,6 

52.3 

54,1 

55.8 

37,6 

59,3 

Dram 

2.50 

2.60 

2.70 

2.80 

2.90 

3.00 

3.10 

3.20 

3.30 

3.40 

50 

lOC.OGT 

1.04 

1.08 

1.12 

1,17 

1.21 

1.25 

1.29 

1.33 

1.37 

1.42 

52 

llU,il33 

1.08 

1.13 

1.17 

1.21 

1.26 

1.30 

1.34 

1.39 

1.43 

1.47 

64 

115,200 

1.12 

1.17 

1.21 

1.26 

1.30 

1.35 

1.39 

1.44 

1.48 

1.53 

S6 

119,407 

1.17 

1.21 

1.26 

1.31 

1.35 

1.40 

1.45 

1.49 

1.54 

1.59 

S8 

123,733 

1.21 

1.26 

1.30 

1.35 

1.40 

1.43 

1.50 

1.55 

1.39 

IM 

60 

128,000 

1.25 

1.30 

1.35 

1.40 

1.45 

1.30 

1.55 

1.60 

1.05 

1.70 

63 

132,267 

1.29 

1.35 

1.39 

1.45 

1.50 

1.55 

1.60 

1.65 

1.70 

1.70 

64 

136,333 

1.33 

1.39 

1.44 

1.49 

1.55 

1.60 

1.65 

1.71 

1.76 

1.81 

.   66 

140,800 

1.37 

1.43 

1.48 

1.54 

1.59 

1.65 

1.70 

1.70 

1.81 

1,87 

68 

145,067 

1.42 

1.47 

1.53 

1.59 

1.64 

1.70 

1.76 

1.81 

1.87 

1.93 

■JO 

149.333 

1.46 

1,32 

1.57 

1.63 

1.69 

1.75 

1,81 

1.87 

1.92 

1.98 

72 

153,600 

1.50 

1.56 

1.62 

1.08 

1.74 

1.80 

1,86 

1.92 

1.98 

2.(M 

74 

157,867 

1.54 

1.60 

1.66 

1.73 

1.79 

1.85 

1.91 

1.97 

2.03 

2.10 

76 

162,133 

1.58 

1.65 

1.71 

1.77 

1,84 

1.90 

1.96 

2.03 

2.09 

2.15 

78 

166,400 

1.62 

1.60 

1.73 

1.82 

1.88 

1.95 

2,01 

2.08 

2.14 

2.21 

80 

170,067 

1.07 

1.73 

1,80 

1.87 

1.93 

2.00 

2,07 

2.13 

2.20 

2.27 

82 

174,933 

1.71 

1.78 

1.84 

1.91 

1.98 

2.05 

2.12 

2.19 

2.25 

2.32 

84 

179,200 

1.75 

1,82 

1.89 

1.9(i 

2.03 

2.10 

2.17 

2.24 

2.31 

2.38 

86 

183,467 

1.79 

1,86 

1.93 

2.01 

2.08 

2.15 

2  22 

2.29 

2.36 

2.44 

88 

187,733 

1.83 

1,91 

1.98 

2.05 

2.13 

2.20 

2^27 

2.35 

2.42 

2.50 

90 

192,000 

1.87 

1.95 

2.02 

2.10 

2.17 

2.25 

2.32 

2.40 

2.47 

2.55 

82 

196,267 

1.92 

1.99 

2.07 

2.15 

2.22 

2.30 

2.38 

2.45 

2.53 

2.B1 

94 

200,533 

1.9G 

2.04 

2.11 

2.19 

o  07 

2.35 

2.43 

2.51 

2.58 

2.66 

96 

204,800 

2.00 

2.08 

2.16 

2.24 

2.32 

2.40 

2.48 

2.56 

2.(M 

2.72 

98 

209.007 

2.04 

2.12 

2.20 

2.29 

2.37 

2,45 

2.53 

2.61 

2.69 

2.78 

100 

213.3,33 

2.08 

2.17 

2.25 

2.33 

2.42 

2.50 

2.58 

2.67 

2.75 

2.83 

102 

217,600 

2.12 

O  OJ 

2.29 

2.38 

2.46 

2.55 

2.63 

2.72 

2.80 

2.89 

104 

221,867 

2,17 

255 

2.34 

2.43 

2,.51 

2.60 

2.69 

2.77 

2.86 

2.95 

106 

226,133 

2.21 

2.30 

2,38 

2.47 

2.56 

2.65 

2.74 

2.83 

2.91 

3.00 

108 

230,400 

2,25 

2.34 

2.43 

2.52 

2.61 

2.70 

2.79 

2.88 

2.97 

3.06 

110 

234.067 

2,29 

2.38 

2.47 

2.57 

2.66 

2.75 

2,84 

2.93 

3.02 

3.12 

112 

238.933 

2.33 

2.43 

2.52 

2.61 

2.71 

2.80 

2,89 

2.99 

3.08 

3.17 

114 

243.200 

2.37 

2.47 

2.56 

2.66 

2.75 

2.85 

2.94 

3.04 

3.13 

3.23 

116 

-     247.467 

2.42 

2.51 

2.61 

2.71 

2,80 

2.90 

3.00 

3.09 

3.19 

3.29 

118 

2.-11.733 

2.46 

2.56 

2.65 

2.75 

2.85 

2.95 

3.05 

3.15 

3.24 

3.34 

120 

250.000 

2,50 

2.60 

2.70 

2.80 

2.90 

3.00 

3.10 

3.20 

3.30 

3.40 

123 

260.267 

2.54 

2.64 

2.74 

2.85 

2.95 

3.05 

3,15 

3.25 

3.35 

3.46 

124 

2P>»,533 

2,58 

2.69 

2.79 

2.89 

3.00 

3.10 

3.20 

3.31 

3.41 

3.51 

12« 

268.800 

2,62 

2.73 

2.83 

2.94 

3.04 

3.15 

3,25 

3.30 

3.46 

3.57 

128 

273.067 

2.67 

2,77 

2.as 

2.99 

3.09 

3.20 

3,31 

3.41 

3.52 

3.G3 

130 

277.3.33 

2.71 

2.S2 

2.92 

3.03 

3.14 

3.25 

3.36 

3.47 

3.57 

3,08 

132 

281.000 

2.75 

2,86 

2.97 

3.08 

3.19 

3.30 

3.41 

3.52 

3.63 

3,74 

134 

283.867 

2.79 

2,90 

3.01 

313 

3.24 

3..35 

3,46 

3.57 

3.68 

3,80 

136 

290.133 

2,83 

2.95 

3.06 

3.17 

3.29 

3.40 

3.51 

3.63 

3.74 

3.85 

188 

294.400 

2.87 

2.99 

3.10 

3.22 

3.33 

3.45 

3,56 

3.68 

3.79 

3.91 

140 

298.667 

2.92 

3.03 

3.15 

3.27 

3.38 

3.50 

3.62 

3.73 

3.85 

3.97 

142 

302.933 

2.96 

3.08 

3.19 

3.31 

3.43 

3.35 

3.67 

3.79 

3.90 

4.02 

144 

307.200 

3.00 

3.12 

3.24 

3.30 

3.48 

3.60 

3,72 

3.84 

3.96 

4.08 

146 

311,467 

3.04 

3.16 

3.28 

3,41 

3.53 

3,65 

3,77 

3.89 

4.01 

4.14 

148 

31.->.7.33 

3.08 

3.21 

3.33 

3.43 

3.58 

3.70 

3„82 

3.95 

4.07 

4.19 

ISO 

.320.000 

3.12 

3.25 

3.37 

3.50 

3.62 

3.75 

3,87 

4.00 

4.12 

4.25 

152 

324.267 

3.17 

3.29 

3.42 

3..55 

3,67 

3.80 

3,93 

4.05 

4.18 

4.31 

164 

328.533 

3.21 

3.34 

3.46 

3.59 

3,72 

3.a5 

3,98 

4.11 

4.23 

4.36 

ISG 

332.800 

3.25 

3.38 

3.51 

3.64 

3,77 

3.90 

4.03 

4.16 

4.29 

4.42 

1S8 

337.067 

3.29 

3.42 

3..'w 

3,69 

3.82 

3.95 

4,08 

4.21 

4.-34 

4.48 

160 

341.3.33 

3. .33 

3.47 

3,00 

3.73 

3.87 

4.00 

4,13 

4.27 

4.40 

4.53 

162 

34.1.6^ 

3.37 

3.51 

3.64 

3.78 

3,91 

4.05 

4.18 

4.32 

4.45 

4.59 

164 

349.867 

3.42 

3.55 

3.69 

3.83 

3.96 

4.10 

4.24 

4.37 

4.51 

4.65 

166 

354.133 

3.46 

3.60 

3.73 

3,87 

4.01 

4.15 

4,29 

4.43 

4.50 

4.70 

168 

358.400 

3,!50 

3.64 

3.78 

3.92 

4,06 

4.20 

4,34 

4.48 

4.62 

4,76 

170 

362.667 

3,54 

3.68 

3.82 

3,97 

4.11 

4.25 

4.39 

4.53 

4.67 

4,82 

172 

306,933 

3,.58 

3.73 

3.87 

4,01 

4.16 

4.30 

4,44 

4.59 

4.73 

4,87 

174 

371.200 

3,62 

3.77 

3.91 

4,06 

4,20 

4,.^5 

4.49 

4,04 

4.78 

4,93 

170 

375.467 

3,67 

3,81 

3.96 

4,11 

4,25 

4,40 

4..55 

4.69 

4.84 

4.99 

178 

379.733 

3.71 

3.86 

4.00 

4,15 

4,30 

4,45 

4.60 

4.75 

4.89 

5,04 

isn 

.3,'<4.000 

3,75 

3.90 

4.05 

4.20 

4. 35 

4.50 

4-65 

4. SO 

4,95 

5,10 
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L»t'niiT 

01. 

02.8 

64.5 

66.3 

o,s. 

09.8 

71.3 

73.2 

70-7 

Dram 

3,50 

3.60 

3.70 

3.80 

3.90 

4.00 

4.10 

4.20 

4.30 

4.40 

50 

106,007 

1.10 

1.00 

1.54 

1.58 

1.02 

1.07 

1.71 

1.70 

1.79 

1.83 

52 

110,933 

1.52 

1..50 

1.0  J 

1.65 

1,09 

1.73 

1.78 

1.82 

1..80 

1.91 

oi 

ii5,:;oo 

1.57 

1.02 

1,00 

1.71 

1.75 

l.,SO 

1..S4 

1.89 

1.93 

1.98 

56 

119,487 

1.63 

l.l« 

1.73 

1.77 

1..S2 

1.,S7 

1.91 

1.96 

2.01 

2.05 

68 

IL'3,733 

1.00 

1.71 

1.79 

l.Sl 

1.88 

1.93 

1.98 

2.03 

2.08 

2.13 

CO 

iL'S.niM) 

1.75 

1.80 

1.85 

1.90 
1.96 

1.95 

2,00 

2.05 

2.10 

2.15 

2.20 

03 

13L',:;07 

1.81 

1..80 

1.91 

2.01 

2.07 

2.12 

2.17 

2  22 

2.27 

64 

136,533 

1..87 

1.92 

1.97 

2.03 

2.08 

2.13 

2.19 

2.24 

2.29 

2.35 

66 

H0,SUO 

1.92 

1.98 

2.03 

2,09 

2.14 

2.20 

2.25 

2.31 

2.36 

2.42 

68 

145,067 

a. 98 

2.04 

2.10 

2.15 

2.21 

2.26 

2.32 

2.38 

2.44 

2.49 

'•a 

l4n,:'.33 

2.04 

2.10 

2.10 

2.21 

2.27 

2.33 

2.39 

2.45 

2.51 

2.57 

Vi 

153.000 

2.10 

2.10 

■>  oo 

2.28 

2.34 

2.40 

2.40 

2.02 

2.58 

2.64 

■54 

157,807 

2.16 

O  •>7 

2.28 

2.34 

2.40 

2.46 

2.53 

2..59 

2.65 

2.71 

76 

162,133 

o  .!.> 

2.28 

2.34 

2.40 

2,47 

2..53 

2.00 

2.06 

2.72 

2.79 

78 

166,400 

2.27 

2.34 

2.40 

2.47 

2.53 

2.00 

2.66 

2.73 

2.79 

2.86 

80 

170,607 

2.33 

2.40 

2.47 

2.53 

2.60 

2.00 

2.73 

2.80 

2.87 

2.03 

8> 

174,it:;3 

2.39 

2.46 

2.53 

2,59 

2.()0 

2.73 

2.80 

2.87 

2.94 

3.01 

84 

179,-JOO 

2.45 

2.52 

2.59 

2.B6 

2.73 

2.80 

2.S7 

2.94 

3.01 

3.08 

86 

18:3,4(;7 

2.51 

2..JS 

2.05 

2.72 

2.79 

2.S6 

2.94 

3.01 

3.08 

3.15 

88 

187,733 

2..57 

2.04 

2.71 

2.78 

2..S6 

2.93 

3.01 

3.08 

3.15 

3.23 

90 

192,000 

2.(i2 

2.70 

2.77 

2.85 

2.92 

3.00 

3.07 

3.15 

3.22 

3.30 

92 

190.267 

2.68 

2.76 

2.84 

2.91 

2.99 

3.06 

3.14 

3.22 

3.30 

3.37 

94 

200,5.33 

2.74 

2.82 

2.90 

2.97 

3.05 

3.13 

8.21 

3.29 

3.37 

3.45 

96 

204,800 

2.80 

2.88 

2.96 

3.04 

3.12 

3.20 

3.28 

3.36 

3.44 

3.52 

98 

209,007 

2.86 

2.94 

3.02 

3.10 

3.18 

3.26 

3.35 

3.43 

3.51 

3.59 

100 

213„333 

2.92 

3.00 

3.08 

3.16 

3,25 

3..33 

3.42 

3.50 

3.58 

3.67 

103 

217,1100 

2.97 

3.06 

3.14 

3.23 

3..31 

3.40 

3.48 

3..57 

3.65 

3.74 

104 

221,807 

3.03 

3.12 

3.21 

3.29 

3.38 

3.46 

3.55 

3.64 

3.73 

3.81 

106 

226,133 

3.09 

3.18 

3.27 

3.35 

3.44 

3.53 

3.62 

3.71 

3.80 

3.89 

108 

230,400 

3.15 

3.24 

3.33 

3.42 

3..51 

3.00 

3.09 

3.78 

3.87 

3.96 

110 

234,667 

3.21 

3.30 

3.39 

3.48 
3.54 

3.57 

3.66 

3.76 

3.85 

3.94 

4.03 

112 

238.933 

3.27 

3.30 

3.45 

3.64 

3.73 

3. .83 

3.92 

4.01 

4.11 

114 

243,200 

3.32 

3.42 

3.51 

3.61 

3.70 

3. .80 

3.89 

3.99 

4.08 

4.18 

lie 

217.467 

3..38 

3.48 

3.58 

3.67 

3.77 

3. .86 

3.96 

4.06 

4.16 

4.25 

118 

2.51.7,33 

3.44 

3.54 

3.64 

3.73 

3.83 

3.93 

4.03 

4.13 

4.23 

4.33 

120 

256,000 

3.50 

3.60 

3.70 

3.80 

3.90 

4.00 

4.10 

4.20 

4.30 

4.40 

123 

260,207 

3.50 

3.00 

3.70 

3..S6 

3.90 

4.06 

4.17 

4.27 

4.37 

4.47 

134 

264,533 

3.62 

3.72 

3.82 

3.92 

4.03 

4.13 

4.24 

434 

4.44 

4.55 

126 

268,800 

3.67 

3.78 

3.88 

3.99 

4.09 

4.20 

4.30 

4.41 

4.51 

4.62 

128 

273,007 

3.73 

3.84 

3.95 

4.05 

4.16 

4.26 

4.37 

4.48 

4..59 

4.69 

130 

277,3.33 

3.79 

3.90 

4.01 

4.11 

4.22 

4.33 

4.44 

4.55 

4.66 

4.77 

132 

281.600 

3.85 

3.96 

4.07 

4.18 

4.29 

4.40 

4.51 

4.02 

4.73 

4.84 

134 

285,867 

3.91 

4.02 

4.13 

4.24 

4.35 

4.46 

4.58 

4,69 

4.80 

4.91 

136 

290.133 

3.97 

4.08 

4.19 

4.30 

4.42 

4,.53 

4.65 

4.76 

4.87 

4.99 

138 

294,400 

4.02 

4.14 

4.25 

4.37 

4.48 

4.00 

4.71 

4.83 

4.94 

5.06 

140 

298.607 

4.08 

4.20 

4. .32 

4.43 

4.55 

4.00 

4.78 

4.90 

5.02 

5.13 

142 

302.933 

4.14 

4.26 

4.38 

4.49 

4.61 

4.73 

4.85 

4,97 

5.09 

5.21 

144 

307,200 

4.20 

4.32 

4.44 

4..56 

4.68 

4. .80 

4.92 

5.04 

5.16 

5.28 

i46 

311.467 

4.36 

4.3,8 

4.50 

4.62 

4.74 

4.-86 

4.99 

5.11 

5.23 

5.35 

148 

.315.733 

4.32 

4.44 

4.56 

4.68 

4.81 

4.93 

5.06 

5.18 

5.30 

5.43 

ISO 

320  nno 

4.37 

4. .50 

4.62 

4.75 

4..S7 

5.00 

5.12 

5.25 

5.37 

5.50 

152 

324.2r,7 

4.4.-! 

4..50 

4  69 

4.S1 

4.94 

5.06 

.5.19 

5.32 

5.45 

5..57 

154 

32S..533 

4.49 

4.02 

4.75 

4.87 

5.00 

5.13 

5.26 

5.39 

5.52 

5.65 

156 

332.800 

4. .-.5 

4.08 

4..'i1 

4.94 

5.07 

5.20 

5.33 

5.46 

5.59 

5.72 

158 

337.007 

4.61 

4.74 

4..87 

5.00 

5.13 

5.26 

5.40 

5..53 

5.66 

5.79 

160 

341.333 

4.67 

4.80 

4.93 

5.06 

5.20 

5.33 

5.47 

5-60 

5.73 

5.87 

163 

345.600 

4.72 

4.,80 

4.99 

5.13 

5.26 

5.40 

5.53 

5.67 

5.80 

5.94 

164 

349.867 

4.78 

4.92 

5.06 

5.19 

5.33 

5  40 

5.60 

5.74 

5-88 

6.01 

166 

354,133 

4.81 

4  OS 

5.12 

5.25 

5.39 

5..53 

5.67 

5  .81 

5.95 

6.09 

168 

.358.400 

4.90 

5.M 

5.18 

5.32 

5.46 

5.60 

5.74 

5  88 

6.02 

6.16 

170 

302.667 

4.0!! 

5.10 

5.24 
5.30 

5.38 
5.44 

5.52 

5.06 

5.S1 

5.95 

6.09 

6.23 

172 

366,933 

5.02 

5.16 

5..59 

5,73 

5  88 

6.02 

6-16 

6.31 

174 

.371,200 

5.07 

5.22 

5.36 

5.51 

5.65 

5,80 

5.94 

6,09 

6.23 

6.38 

176 

375,467 

5.13 

5.28 

5-43 

5..57 

5.72 

5.86 

6.01 

6-16 

6.31 

6.45 

178 

379,733 

5.19 

5.34 

5.49 

5.63 

5.78 

5.93 

6.08 

6.23 

6-38 

6.53 

180 

3&i,000 

5.25 

5.40 

5.55 

5.70 

5.85 

6.00 

6.15 

6.30 

6,45 

6.60 
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"STRAIGHT  LINE"  SILK  FILLING  TABLE 


Denier 

78.5 

80.2 

82. 

83.7 

85.5 

87.2 

88.9 

90.7 

02.4 

94.2 

Dram 

4.50 

4.60 

4.70 

4.80 

4.90 

5.00 

5.10 

5.20 

5.30 

5.40 

50 

106,607 

1.87 

1.92 

1.96 

2.00 

2.04 

2.08 

2.12 

2.17 

2.21 

2.25 

68 

110,933 

1.95 

1.99 

2.04 

2.08 

2  12 

2.17 

2.21 

2.25 

Siio 

2.34 

54 

115,200 

2.02 

2.07 

2.11 

2.16 

2'20 

2.25 

2.29 

2.34 

2.38 

2.43 

56 

119,407 

2.10 

2.15 

2.19 

2.24 

2  '^9 

2.33 

2.38 

2.43 

2.47 

2.52 

58 

123,733 

2.17 

2.22 

2.27 

2.32 

2.37 

2.42 

2.46 

2.51 

2.56 

2.61 

60 

128,000 

2.25 

2!30 

2.35 

2.40 

2.45 

2.50 

2.55 

2.60 

2.65 

2.70 

62 

132,267 

2.32 

2.38 

2.43 

2.48 

2.53 

2.58 

2.63 

2.69 

2.74 

2,79 

64 

136,533 

2.40 

2.45 

2.51 

2.56 

2.61 

2.67 

2.72 

2.77 

2.83 

2.88 

66 

140,800 

2.47 

2.53 

2.58 

2.64 

2.69 

2.75 

2.80 

2.86 

2.91 

2.97 

68 

145,067 

2.55 

2.61 

2.66 

2.72 

2.78 

2.83 

2.89 

2.95 

3.03 

s.ut; 

TO 

149,333 

2.62 

2.68 

2.74 

2.80 

2.86 
2.94 

2.92 

2.97 

3.03 

3.09 
3.18 

3.15 

78 

153,600 

1     2.70 

2.76 

2.82 

2.88 

3.00 

3.06 

3.12 

3.24 

74 

157,807 

2.77 

2.84 

2.90 

2.96 

3.02 

3.08 

3.14 

3.21 

3.27 

3.33 

76 

162,133 

2.85 

2.91 

2.98 

3.04 

3,10 

3.17 

3.23 

3.29 

3.36 

3.42 

78 

166,400 

2.92 

2.99 

3.05 

3.12 

3.18 

3.25 

3.31 

3.38 

3.44 

3.51 

SO 

170,667 

3.00 

3.07 

3.13 

3.20 

3.27 

3.33 

3.40 

3.47 

3.53 

3.60 

83 

174,933 

3.07 

3.14 

3.21 

3.28 

3.35 

3.42 

3.48 

3.55 

3.62 

3.69 

84 

179,200 

3.15 

3.22 

3.29 

3.36 

3.43 

3.50 

3,57 

3.64 

3.71 

3.78 

86 

183,467 

3.22 

3.30 

3.37 

3.44 

3.51 

3.58 

3.65 

3.73 

3.80 

3.87 

88 

187,733 

3.30 

3.37 

3.45 

3.52 

3..59 

3.67 

3.74 

3.81 

3.89 

3.96 

90 

192,000 

3.37 

3.45 

3.52 

3.60 

3.67 

3.75 

3.82 

3.90 

3.97 

4.05 

92 

196,207 

3.45 

3.53 

3.60 

3.68 

3.76 

3.83 

3.91 

3.99 

4.06 

4.14 

94 

200,533 

3.52 

3.60 

3.68 

3.76 

3.84 

3.92 

3.99 

4.07 

4.15 

4.23 

96 

204.800 

3.G0 

3.68 

3.76 

3.84 

3.92 

4,00 

4.08 

4.16 

4.24 

4.32 

98 

200,067 

3.67 

3.76 

3..84 

3.92 

4.00 

4.08 

4.16 

4.25 

4.33 

4.41 

100 

213,333 

3.75 

3.83 

3.92 

4.00 

4.08 

4.17 

4.25 

4.33 

4.42 

4.50 

102 

217,600 

3.82 

3.91 

3.99 

4.08 

4.16 

4.25 

4.33 

4.42 

4.50 

4.59 

104 

221,867 

3.90 

3.99 

4.07 

4.16 

4.25 

4.33 

4.42 

4..51 

4.59 

4.68 

106 

226,1.33 

3.97 

4.06 

4.15 

4.24 

4.33 

4.42 

4. .50 

4.,59 

4.68 

4.77 

108 

230.400 

4.05 

4.14 

4.23 

4.32 

4.41 

4.50 

4..59 

4,68 

4.77 

4.86 

110 

234,667 

4.12 

4.22 

4.31 

4.40 

4.49 

4.58 

4.67 
4.76 

4.77 
4.85 

4.88 
4.95 

4.95 

112 

238.933 

4.20 

4.29 

4.39 

4.48 

4.57 

4.67 

5.04 

114 

243.200 

4.27 

4.37 

4.46 

4.56 

4.65 

4.75 

4.84 

4.94 

5.03 

5.13 

116 

247,467 

4.35 

4.45 

4.54 

4.64 

4.74 

4.83 

4.93 

5.03 

5.12 

5.22 

lis 

251,733 

4.42 

4..52 

4.62 

4.72 

4.82 

4.92 

5.01 

5.11 

5.21 

5.31 

120 

256,000 

4.50 

4.60 

4.70 

4.80 

4.90 

5.00 

5.10 

5.20 

5.30 

5.40 

122 

260.267 

4.57 

4.68 

4.78 

4.S8 

4.98 

5.08 

5.18 

5.29 

5.39 

5.49 

124 

264..133 

4.65 

4.75 

4.86 

4.96 

5.06 

5.17 

5.27 

5.37 

5.48 

5..58 

126 

268,800 

4.72 

4.83 

4.93 

5.04 

5.14 

5.25 

5.35 

5.46 

5..56 

5.67 

128 

273,067 

4.80 

4.91 

5.01 

5.12 

5.23 

5.33 

5.44 

5.55 

5.65 

5.76 

130 

277,333 

4.87 

4.98 

5.09 

5'.20 

5.31 

5.42 

5.52 

5.63 

5.74 

5.85 

182 

281.600 

4.95 

5.06 

5.17 

5.28 

5.39 

5.50 

5.61 

5.72 

5.83 

5.94 

134 

285,867 

5.02 

5.14 

5.25 

5.36 

5.47 

5.58 

5.69 

5.81 

5.92 

6  03 

136 

290,133 

5.10 

5.21 

5.33 

5.44 

5.55 

5.67 

5.78 

5.89 

6.01 

6.12 

138 

294.400 

5.17 

5.29 

5.40 

5.52 

5.63 

5.75 

5.80 

5.98 

6.09 

6  21 

140 

298.667 

5.25 

5.37 

5.48 

5.60 

5.72 

5.83 

5.95 

6.07 

6.18 
6.27 

6.30 

142 

302.933 

5.32 

5.44 

5.56 

5.68 

5.80 

5.92 

6.03 

6.15 

6.39 

144 

307.200 

5.40 

5.52 

5.64 

5.76 

5.88 

6,00 

6.12 

6.24 

6.36 

6.48 

146 

311,467 

5.47 

5.60 

5.72 

5.84 

5.96 

6.08 

6.20 

6.33 

6.45 

6,57 

148 

315,733 

5.55 

5.67 

5.80 

5.92 

6.04 

6.17 

6.29 

6.41 

6..54 

666 

1.50 

320,000 

5.62 

5.75 

5.87 

6.00 

6.12 

6.25 

6.37 

6..'']0 

6.62 

6.75 

152 

324.267 

5.70 

5..83 

5.95 

6.08 

6.21 

6.33 

6.40 

6.59 

6.71 

6.84 

154 

32S,.533 

5.77 

5.90 

6.03 

6.16 

6.29 

6.42 

6.54 

6.67 

6.80 

6.93 

156 

332,800 

5..85 

5.98 

6.11 

6.24 

6.37 

6.50 

6.63 

6.76 

689 

7.02 

158 

337,067 

592 

6.06 

6.19 

6.32 

6.45 

6.58 

6.71 

6..S5 

6.98 

7.11 

160 

341,333 

6.00 

6.13 

6.27 

6.40 

6..53 

6.67 

6.80 

6.93 

7.07 

7.20 

162 

345,600 

6.07 

6  21 

6.34 

6.48 

6.61 

6.75 

6.88 

7.02 

7.15 

7.29 

164 

349,867 

6.15 

6.29 

6.42 

6..W 

6.70 

6.83 

6.97 

7.11 

7.24 

7.38 

166 

354.133 

6.22 

636 

6.50 

6.64 

6.78 

6.92 

7.05 

7.19 

7.33 

7.47 

168 

358.400 

6.30 

6.44 

6.58 

6.72 

6..86 

7.00 

7.14 

7.28 

7.42 

7.58 

no 

362,667 

6.37 

6.52 

6.66 

6.80 

6.94 

7.08 

7.22 

7..37 

7.51 

7.65 

172 

366.933 

6.45 

6..5n 

6.74 

6,88 

7.02 

7.17 

7.31 

7.45 

760 

7.74 

174 

371,200 

6.52 

6.67 

6.81 

6.96 

7.10 

7.25 

7.-39 

7..54 

7.68 

7.83 

176 

375,467 

6.60 

6.75 

6.89 

7.04 

7.19 

7.33 

7.48 

7.63 

7.77 

7.92 

178 

379,733 

6.67 

6.82 

6.97 

7.12 

7.27 

7.42 

7.56 

7,71 

7.86 

8.01 

180 

3,84.000 

6.75 

6.90 

7.05 

7.20 

7.35 

7.50 

7.65 

7.80 

7.95 

8.10 
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MOMME  STANDARD  FOR  SILK. 

The  momme  is  a  Japanese  unit  of  weight  equal  to  57.87  grains 
or  .1323  ounce,  there  being  7.56  momme  in  an  ounce  and  121  momme 
in  a  pound. 

The  weight  of  certain  classes  of  Japanese  silk  cloths  is  expressed 
in.  momme  per  26  yards  li^  inches  wide. 

The  equivalent  of  1-morame  cloth  is  125  square  yards  per  pound 
or  56  grains  per  square  yard. 

The  reduction  of  the  momme  weight  to  the  English  basis  is  illus- 
trated by  the  following  examples: 

Ex.     A  piece  of  Japanese  habutae  is  stamped  as  follows: 
L.ength  50  yds. 
Width  36  in. 
Weight  209   mme. 
Find  momme  weight  of  the  fabric: 

209-;-    7.56^27.6  ozs.,   required  weight  of  piece. 
36 -V-    1.5   =24      widths  of  H^  in.  each. 
50  -^  25      =2      lengths  of  25  yards  each. 
24  X    2      =48      standard  areas  in  the  ipiece. 
209-^48      =:   4.35  momme. 
EJx.     A  piece  of  Japanese  habutae  is  50  yards  long,  27  inches  wide 
and  weighs  24  ounces.     Find  momme  weight  of  the  fabric. 
24    X    7.56  =  181  momme,  total  weight. 
27    -^  li      =   18  widths  of  li  in.  each. 
50-5-25      =2  lengths  of  25  yds.  eacji. 
18    X    2      =36  standard  areas. 
181^36      =5  momme. 
Hence:    To  find  the  momme  weight  of  a  fabric,  divide  the  total 
viom/me  weight  of  the  piece  ty  the  number  of  standard  areas  (25  yards 
X   1%  inches)   in  the  ■piece. 

Another  method  is  as  follows,  taking  the  last  example  for  Illustra- 
tion: 

27  inches  =  %  yard. 
50  X  %  ^  37.5  square  yards  in  piece. 
24  ozs.  =  11/2  lbs. 
37.5  -f-  IVz  =25  sq.  yds.  per  lb. 
1  momme  cloth  =  125  sq.  yds.  per  lb. 
125  ^  25  =  5  momme. 
Hence:     To  find  the  momme  weight  of  a  fabric,  divide  125  by  the 
number  of  square  yards  per  pound. 

Ex.     Find  the  square  yards  per  pound  for  a  5-momme  habutae. 
1-momme  cloth  =  125  sq.  yds.  per  lb. 
125  -^  5  =  25  sq.  yds.  per  lb.  of  5-morame  cloth. 
Hence:     To  find  the  square  yards  per  pound,  divide  125   by  the 
momme  weight  of  the  cloth. 

Ex.  A  sample  with  an  area  of  1/10  sq.  yd.  weighs  45  grains.  Find 
momme  weight  of  the  cloth. 

45  X  10  ^  450  gr.  per  sq.  yd. 
450-^56=     8  momme  weight. 
Ex.     A  sample  10  inches  square   (100  sq.  in.)   weighs  42.5  grains. 
Find  momme  weight  of  cloth. 

1  sq.  yd.  =  1296  sq.  in. 

(1296  X  42.5)  H- 100  =  550.8  gr.   per  sq.   yd. 
550.8 -:- 56  =  9.8  momme. 
Ex.     A  sample  of  Japanese  habutae  measuring  IS   in.   by  24   in., 
with  an  area  of  %  square  yard,  weighs  96  grains.     Find  momme  weight 
of  the  cloth. 

96  X    3  =  288  grains  per  sq.  yd. 
288  -V-  56  =  5.14  momme. 
Hence:     To  find  momme  weight  of  a  cloth,  divide  the  grains  per 
square  yard  by  56. 
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Ex.  Find  total  weight  of  a  piece  of  5-momme  habutae  50  yards 
long  and  27  inches  wide. 

27  H-    1.5   =    18  widths  of  1%  each. 
50  ^  25      =     2  lengths  25  yds.  each. 
18  -V-    2      =36  standard  areas. 
36  X    5      =180  momme. 
ISO  -=-    7.56  =  23.8'  ozs.  weight  of  piece. 
Hence:     To  find  the  total  weight  of  a  piece  of  habutae  multiply 
the  number  of  standard  areas    (25   yds.    X    IV2   in.)    by  the  momme 
standard.     This  ffives  the  total  momme  iveight,  which  is  reduced  to 
ounces  by  dividing  by  7.56. 

The  Japanese  use  two  standards  for  linear  measurements.  One 
based  on  the  short  shaku  (11.93  English  inches),  is  called  the  metal 
measure  and  used  iprincipally  by  artisans.  The  other  based  on  the 
long  shaku  (14.91  English  inches),  is  called  literally  the  "whale"  meas- 
ure and  used  exclusively  for  dry  goods.  The  short  shaku  varies  only 
Y2  per  cent,  from  the  English  foot,  from  which  it  is  said  to  have  been 
derived  when  Japan  was  opened  up  to  the  world  in  1S54.  The  long 
shaku  is  an  equally  close  approximation  of  15  English  inches.  The 
variation,  y^  P^r  cent.,  between  the  Japanese  and  English  standards 
is  so  small  as  to  be  negligible  for  many  purposes,  including  the  momme 
calculation  for  silk. 

The  Ja|)anese  long  and  short  measure  and  Japanese  weights  are 
divided  decimally  as  follows: 

Japanese  Linear  Measure. 


Dry  Goods 

Metal  or 

or  Long  Measure 

Short  Measure 

1  shi 

— 

.00015  in. 

.0001193  in. 

10  Shi 

=  1  mo 

— 

.00149    " 

.001193      " 

10  mo 

=  1  rin 

= 

.01491    " 

.01193 

10  rin 

=  1  bu 

— • 

.1491      " 

.1193 

10  bu 

^=  1  sun 

— 

1.491 

1.193 

10  sun 

=  1  shaku 

= 

14.91 

11.93 

10  shaku 

=  1  jo 

— 

149.1            ■'         119.3 

Japa 

nese 

Weights. 

1  rin 

=                     .5787 

grains 

10  rin 

=  1  fun 

=                   5.787 

" 

10  fun 

=  1  momme 

=                 57.87 

" 

160  momme 

=  1  kin 

=             9259. 

(1%  lbs.) 

1000  momme 

=«1  kwan 

—          57870. 

(81/4   lbs.) 
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THE  WEATHER  AND  THE  WEIGHT  OF  SILK. 

The  importance  of  moisture  in  textile  materials  is  due  to  the  ef- 
fect of  moisture  on  the  increase  or  decrease  of  the  actual  weight  when 
the  raw  or  manufactured  products  are  bought  and  sold,  and  on  the 
working  of  the  stock  in  the  processes  of  manufacture. 
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Owing  to  the  variations  in  the  relative  humidity  of  the  air  the 
quantity  of  water  in,  and  consequently  the  weight,  of  the  materials 
varies  widely.  If  the  material  is  bought  and  sold  by  its  actual  weight 
it  follows  that  when  the  stock  is  dry,  that  is,  when  it  carries  a  small 
quantity  of  water,  the  seller  delivers  and  the  buyer  receives  more  ac- 
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tual  fiber  than  when  the  stock  carries  a  larger  quantity  of  water.  If 
the  material  is  sold  at  a  price  that  takes  no  account  of  this  variation 
in  the  water  present,  it  follows  that  the  seller  loses  and  the  buyer 
gaiiis  when  the  quantity  of  moisture  is  small,  while  the  seller  gains 
and  the  buyer  loses  when  the  quantity  of  moisture  is  large.  The  ex- 
tent of  these  uncertain  gains  and  losses  to  the  sellers  and  buyers  de- 
pends, not  only  on  the  actual  variation  in  the  moisture  present  in  the 
stock,  but  also  on  the  value  of  the  material,  the  higher  the  price  per 
pound  the  great  being  the  gain  or  loss  resulting  from  the  variation 
of  the  moisture. 

In  order  to  eliminate  these  variations,  standards  of  moisture, 
known  as  standards  of  moisture  regain,  have  been  established  for  the 
various  textile  materials.  The  extent  to  which  these  standards  have 
heen  acceipted  in  the  various  branches  of  textile  manufacturing  has 
naturally  been  in  proportion  to  the  value  of  the  material  in  question, 
being  greatest  in  the  silk  trade,  in  which  the  first  moisture  standard 
was  established,  the  worsted  and  cotton  trades  following  in  the  order 
named. 

In  basing  purchases  and  sales  on  these  standards  of  regain  It  Is 
not  necessary  to  bring  the  total  quantity  of  material  to  the  standard 
condition.  Instead  of  doing  this,  samples  are  drawn  from  the  lot  and 
weighed  In  the  condition  as  found,  then  reduced  to  bone  dry  condition 
and  weighed.  The  bone  dry  weight  is  then  increased  by  the  standard 
regain,  the  result  being  called  the  conditioned  weight  of  the  sample. 
The  conditioned  weight  of  the  entire  lot  is  then  calculated  from  its 
actual  weight  on  the  assumption  that  the  proportion  between  its  actual 
and  conditioned  weights  is  the  same  as  that  between  the  actual  and 
conditioned  weights  of  the  sample  whose  condition  was  determined. 

So  far  as  buying  and  selling  is  concerned,  the  uncertainties  result- 
ing from  the  variation  of  moisture  In  textile  materials  are  thus  cor- 
rected without  controlling  or  even  taking  into  consideration  the  rela- 
tive humidity  of  the  air. 

Such,  however,  is  not  the  case  as  regards  the  effect  of  moisture  on 
the  -working  of  the  fiber  in  the  processes  of  manufacture.  During  these 
processes,  the  material  is  exposed  to  the  surrounding  air  either  as 
separate  fibers  or  as  groups  of  fibers  in  the  form  of  yarn.  In  either 
case  the  quantity  of  moisture  in  the  silk,  cotton  or  wool  is  instantly 
brought  to  a  state  of  equilibrium  with  the  moisture  in  the  surrounding 
air.  An  increase  of  the  relative  humidity  of  the  air  causes  a  pro- 
nounced increase  of  the  moisture  content  of  the  silk  or  other  material, 
while  an  increase  of  the  temperature  causes  a  slight  decrease. 

Not  only  the  weight,  but  the  strength  and  flexibility.  In  other 
words,  the  working  qualities  of  silk,  cotton  or  wool,  depend  ui)on  the 
materials  carrying  the  right  quantity  of  moisture. 

Because  of  the  effect  of  the  relative  humidity  of  the  air  on  textile 
processes,  it  is  important  to  know  what  the  moisture  content  or  regain 
Is  for  the  different  textile  materials  at  different  degrees  of  temperature 
and  relative  humidity.  This  information  can  be  obtained  only  by  ex- 
periments carried  on  by  trained  scientists  under  the  most  favorable 
conditions  for  determining  results  with  scientific  precision.  The  best 
work  of  this  kind  was  done  by  Theophile  Schloesing,  a  French  scien- 
tist, the  results  of  his  experiments  being  given  in  a  report  to  the  Ftocicte 
d'Encouragement  pour  rindustric  Rationale,  Paris,  a  translation  of 
which  has  been  published  in  Thxtfles. 

In  order  that  textile  mill  men  might  derive  the  full  benefit  from 
Schloesing's  work  it  was  necessary  to  reduce  his  charts  to  xaules 
which  would  give  for  each  textile  material  the  moisture  regain  cor- 
responding to  each  degree  of  temperature  and  relative  humidity  within 
certain  practicable  limits,  and  then  from  these  tables  to  calculate  and 
chart  the  moisture  regain  for  each  material  for  each  day  of  a  year 
in  a  workroom  heated  in  winter  to  a  comfortable  temperature  for  the 
workers,  say  70°,  and  in  which  no  moisture  was  introduced  by  artificial 
moistening  apparatus.  In  this  way  only  can  the  variations  of  natural 
regain,  and  consequently  the  necessity  for  artificial  moistening  of  the 
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air  in  the  workrooms,  be  visualized  so  as  to  bring  it  unmistakably  to 
the  knowledge  of  textile  mill  men. 

The  moisture  regain  for  silk  as  determined  by  Schloesing  is  given 
In  the  accompanying  table,  which  shows  plainly  the  slight  variation 
due  to  changes  in  temperature  and  the  wide  variation  due  to  changes 
in  relative  humidity. 
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Having  reduced  the  Schloesing  lines  for  silk  regain  to  tables,  the 
A.  M.  and  P.  M.  observations  by  the  U.  S.  Weather  Bureau  at  New 
York  for  the  year  ending  February.  191S,  were  reduced  to  workroom 
equivalents  on  the  assumption  that  when  the  outside  temperature  fell 
below  70°,  it  was  raised  to  that  temperature  artificially  inside  the  mill. 

19 


Then  the  moisture  regain  for  sillt  was  inserted  tor  each  of  these 
records  of  interior  temperature  and  humidity,  and  the  regain  figures 
charted. 

The  chart  thus  obtained  shows  the  number  of  parts  of  water  In 
100  parts  of  bone  dry  sillv  at  S  A.  M.  and  8  P.  M.  for  each  day  of  tho 
year  under  the  weather  conditions  recorded  at  New  Vorli  during  the 
year  ending  February,  1918.  The  two  accompanying  charts  give  the 
regain  of  silli  in  process  for  the  summer  and  winter  of  the  year. 

During  the  summer  the  air  with  a  high  relative  humidity  causes 
the  moisture  regain  of  the  sills,  to  rise  as  high  as  23.5  per  cent.,  while 
the  dally  and  hourly  fluctuations  are  also  pronounced,  ranging  from 
the  high  mark,  23.5  to  the  low  mark  8.1  per  cent. 

During  the  winter  the  cold  air  outside  of  the  mill  carries  but  a 
small  quantity  of  vapor  per  cubic  foot  (absolute  humidity),  although 
the  relative  humidity  may  be  high.  When  this  outside  air  is  brought 
Inside  the  mill  and  heated  to  a  working  temperature  of  say  70°,  the 
relative  humidity  falls  very  low  and  the  moisture  content  of  silk  or 
other  material  exposed  to  it  is  correspondingly  decreased.  This  is 
shown  plainly  hy  the  winter  chart  on  which  the  highest  moisture  re- 
gain is  only  7.9  per  cent.,  while  the  lowest  is  .8  per  cent. 

These  two  charts  show  the  extremes  of  moisture  regain  of  silk  in 
process  of  manufacture  in  a  mill  in  which  the  air  is  not  moistened 
artificially.  During  the  spring  months  there  is  a  gradual  increase  of 
the  moisture  regain,  while  the  fall  record  shows  a  decrease.  Those 
who  desire  to  study  this  important  subject  further  are  referred  to  "Air 
Moistening  in  Textile  Mills." 

In  the  October,  1919,  issue  of  Textiles,  Robert  Dantzer  makes 
the  following  reference  to  air  moistening  in  silk  mills: 

Silk  is  dielectric,  which  makes  it  a  good  insulating  material  for 
electricity.  Its  high  degree  of  porosity  enables  it  easily  to  absorb  vapors 
and  gases.  In  the  raw  silk  preparatory  operations  the  relative  hu- 
midity of  the  workrooms  should  be  70  per  cent,  and  the  temperature 
64°,  the  heat  softening  the  silk  gum.  The  rooms  in  silk  throwing  mills 
should  be  kept  at  a  temperature  of  72°  with  a  relative  humidity  of  85 
per  cent.  These  atmospheric  conditions  are  adapted  for  doubling 
organzlne,  grenadine  and  silk  twine,  while  for  doubling  tram  and 
twisted  silk  a  relative  humidity  of  65  per  cent,  is  sufficient. 

Special  care  is  necessary  in  handling  silk,  owing  to  the  ease  with 
which  the  silk  fibers  are  electrified.  Simply  rubbing  the  silk  fibers 
against  each  other  generates  positive  electricity  when  the  rubbing  mo- 
tion is  lengthways  of  the  fiber,  while  negative  electricity  is  generated 
when  the  motion  is  crossways.  Owing  to  the  dielectric  property  of 
silk  this  textile  material  is  neutralized  with  great  difficulty,  the  fibers 
repelling  each  other  and  the  material  forming  into  a  quantity  of  kinks 
and  snarls  which  cause  imperfections  and  waste.  To  meet  this  diffi- 
culty it  is  the  practice  to  leave  about  5  per  cent,  of  silk  gum  on  the 
fiber.  The  silk  gum  becomes  electrified  more  slowly  than  the  silk, 
but  the  silk  yarn  thus  produced  is  not  so  brilliant  and  loses  weight 
during  the  dyeing  process. 

The  working  of  silk  waste  likewise  calls  for  a  definite  degree  of 
relative  humidity  and  of  temperature.  In  the  combing  rooms  the 
temperature  should  be  72°  with  a  relative  humidity  of  70  per  cent., 
while  for  carding  a  relative  humidity  of  65  per  cent,  is  sufficient.  In 
the  spinning  room  the  temperature  is  usually  72°  with  a  relative  hu- 
midity of  65  per  cent,  for  filling  yarn  and  70  per  cent,  for  warp  yarn. 
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ARTIFICIAL  SILKS. 

The  chief  use  of  artificial  silks  in  textile  products  is  for  decorative 
purposes,  for  which  they  are  well  suited  because  of  their  high  luster. 

In  examining  textiles  which  are  believed  to  consist  in  part  of  any 
one  of  the  several  kinds  of  artificial  silk,  a  simple  insipection  under 
a  magnifying  glass  will  usually  decide  the  presence  or  absence  of  such 
silk,  because  of  the  very  high  luster,  exceeding  that  of  natural  silk. 
Should  there  be  any  doubt,  however,  a  small  clipping  is  ciiretully  dis- 
sected with  the  steel  needle  and  the  lustrous  portion  of  the  sample 
is  then  subjected  to  several  tests. 

The  first  test  is  made  by  placing  a  piece  of  the  material  In  a 
small  dry  test  tube,  and  heating  carefully  over  a  Bunsen  burner,  until 
fumes  are  seen  to  arise.  If  the  odor  of  the  fumes  is  like  that  of  burn- 
ing hair  or  horn,  the  fiber  may  be  either  natural  silk  or  an  artificial 
silk  made  of  gelatine. 

To  supplement  this  test,  a  small  piece  of  red  litmus  paper,  pre- 
viously moistened  with  a  drop  of  water,  is  placed  in  the  open  end  of 


Tig.  1.     Collodion  Silk   (Cliardonnet). 
Surface  irregular,  flat  at  times,  often  fluted. 

the  test  tube,  and  the  heating  repeated.  Should  the  red  litmus  paper 
change  to  blue,  the  presence  of  either  of  the  above  mentioned  silks  is 
confirmed. 

On  the  other  hand,  if  the  fumes  are  odorless  or  nearly  so,  make 
a  repeat  of  the  litmus  paper  test,  using  blue  litmus,  and  note  carefully 
if  it  changes  to  red.  If  such  change  occurs,  the  fiber  is  certainly  fiot 
natural  or  gelatine  silk,  but  may  be  an  artificial  silk  made  either  from 
collodion  or  cellulose. 

To  determine  definitely  whether  the  silk  is  natural  or  made  from 
gelatine,  use  is  made  of  a  solution  of  iodine  dissolved  in  concentrated 
sulphuric  acid,  diluted  with  nine  parts  of  water.  Only  a  few  drops  of 
this  solution  is  necessafy  for  a  test  which  is  easily  made  in  a  clean 
white  butter  dish  or  preferably  in  a  small  porcelain  dish.  Allow  the 
test  fibers  to  soak  for  a  few  minutes,  drain  off  the  excess  of  acid,  wash 
the  fibers  with  a  small  quantity  of  water,  and  note  carefully  the  color 
of  the  fiber. 

Natural  silk  subjected  to  this  test  takes  on  a  distinct  yellovnuh- 
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brown  color.  Gelatine  silk  by  the  same  test  assumes  a  distinct  reddish- 
hrown  shade. 

To  acquire  sl<Ill  in  making  this  test  it  is  best  to  malie  direct  com- 
.parison  of  both  of  the  sillis  at  the  same  time.  Gelatine  silk  at  the 
present  time  is  not  common,  and  may  not  be  readily  found. 

To  distinguish  the  cellulose  silks  from  the  collodion  silks  the 
same  reagent  is  used.  If  the  silks  change  to  Hue  by  this  treatment, 
they  are  subjected  to  a  further  treatment  with  a  solution  of  iodine  in 
iodide  of  potassium.  If  the  fibers  turn  reddish,  changing  to  blue  upon 
washing,  the  silk  is  made  from  collodion.  Should  there  be  no  change 
in  coloration,  the  silk  is  one  of  the  cellulose  varieties. 

A  very  useful  reagent  for  artificial  silks  is  a  solution  of  5  per 
cent,  dlphenylamine  in  sulphuric  acid.  This  solution  keeps  indefinitely 
when  preserved  in  a  glass  stoppered  bottle.  "When  cellulose,  collodion, 
or  gelatine  silks  are  tested  with  a  few  drops,  only  collodion  silk  is  af- 
fected by  this  solution,  being  changed  slowly  to  Hue.  The  other  silks, 
including  natural  silk,  are  not  affected. 


Fig.  3.     Cellulose  Silk   (Glonzstoffe). 

Another  very  useful  reagent  for  artificial  silks  is  a  solution  of  40 
per  cent,  caustic  potash,  which  reacts  upon  natural  and  artificial  silks 
in  the  following  manner: 
Cellulose  silk.  Swells,  does  not  dissolve,  but  the  color  changes 

to  a  yellow. 
Collodion  silk.  Same  reaction  and  coloration. 

Oelatine  silk,  Dissolves  rapidly. 

Natural  silk,  Dissolves  upon  boiling. 

Since  gelatine  silk  is  commercially  of  less  importance  than  either 
of  the  other  two  silks,  it  may  Tje  neglected,  unless  it  Is  definitely  shown 
to  be  (present  by  the  iodo-sulphuric  acid  test. 

The  microscopical  examination  of  silks  should  always  be  carried 
out  In  conjunction  with  the  chemical  tests.  Individual  fibers  taken 
from  a  sample  should  not  be  relied  upon,  but  a  number  of  groups  of 
fibers  from  different  parts  of  the  fabric  should  be  tested,  and  a  few 
slides  prepared. 

When  typical  specimens  have  been  obtained,  they  should  be  pre- 
served,  permanently  under  cover  glasses  in  either  balsam  or  preferably 
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Farrant's  medium,  which  it  Is  better  to  purchase  already  prepared  from 
miscroscopie  supply  dealers  than  to  make  it.  It  consists  of  a  solution 
of  40  parts  hy  weight  of  pure  white,  clean  gum  arabic  dissolved  in  150 
parts  of  water.  This  is  clarified  by  boiling  with  the  white  of  one  egg, 
filtering  and  evaporating  slowly  to  SO  parts;  add  1  part  of  carbolic 
acid  and  20  parts  of  glycerine.  This  is  a  most  valuable  mounting 
medium  for  all  textile  fibers.  It  can  be  readily  prepared  by  any  local 
druggists,  and  kept  In  collapsible  tubes. 

The  appearance  of  artificial  silk  fibers  when  viewed  under  the 
microscope  is  shown  in  the  annexed  drawings,  each  of  which  was  made 
from  an  actual  amount,  and  drawn  with  the  aid  of  an  Abb6  camera 
luclda. 

Fig.  1  Is  Chardonnet  silk,  and  is  one  of  the  most  important  of  all 
the  artificial  fibers.  It  is  clearly  transparent  when  viewed  with  trans- 
mitted light.     The  surface  appears  somewhat  smooth,  but  shows  dis- 


Fle-  3.     Viscose  Silk. 

A  and  B,  Flat  and  thin  portions  of  saiue  fiber;  C,  striated  fibre,  striae 

due  to  contraction  of  surface  of  fiber. 

tinct  ridges  running  lengthwise.  These  ridges  or  flutings  are  charac- 
teristic and  result  from  contractions  at  the  instant  of  the  formation 
of  the  fibers  while  in  the  viscous  state.  In  the  drawing  several  cross- 
sections  are  shown  which  clearly  illustrate  the  irregularity  of  the  fiber 
surface.  This  irregularity  serves  a  good  purpose  in  the  finished  fiber 
by  increasing  the  light  reflecting  surface. 

Fig.  2  is  a  drawing  of  cellulose  silk.  The  surface  of  these  fibers 
is  remarkably  smooth,  and  singularly  free  from  ridges  or  longitudinal 
striae.  At  times  the  fibers  seem  to  have  contracted  during  dyeing, 
forming  strictly  flatfish  ribbon-like  fibers,  similar  to  viscose  silk,  but 
without  the  innumerable  fine  striae  of  the  latter.  Cellulose  silk  ap- 
pears more  like  natural  silk  than  any  of  the  currently  employed  arti- 
ficial silks. 

Fig.  3  shows  viscose  silk.  Here  are  seen  on  one  fiber  the  striae 
above  referred  to.  These  fine  markings  are  entirely  on  the  surface 
of  the  fibers,  but  may  be  sometimes  mistaken  for  fine  tussah  silk  fibers, 
the  striae  of  which  are  in  the  fiber  substance  proper.  Viscose  silk  In 
cross-section  is  almost  entirely  round  or  oval  shape,  sometimes  in  the 
form  of  a  figure  eight  (S),  due  to  contraction  of  the  fiber  mass,  and 
must  not  be  mistaken  for  the  double  fibers  of  natural  silk. 

DR.  LOUIS  J.  MATOS. 
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BOILING  OFF  SILK. 

By  J.  L.  GIRARD,  Chemical  Engineer. 

Wtien  the  sillc  filament  comes  from  the  filature  in  the  form  of 
raw  silk  it  does  not  possess  the  handle  and  brilliancy  which  make 
silk  the  fiber  of  luxury  par  excellence.  Its  appearance  is  rather  dull. 
It  feels  dry  and  the  color  varies  from  white  to  dark  yellow,  according 
to  the  country  of  origin.  These  variations  are  easily  explained.  The 
■silk  filament  as  it  comes  from  the  filieres  of  the  silk  worm  is  composed 
of  two  ,principal  products  having  a  very  similar  chemical  composition, 
but  with  very  different  properties.  The  part  properly  called  silk,  the 
fibroin,  is  found  in  the  central  part  of  the  filament,  and  is  surrounded 
by  a  coating  of  sericin  or  silk  glue. 

The  central  part  or  fibroin  .possesses  the  properties  of  brilliancy 
and  softness  peculiar  to  silk.  In  order  to  bring  out  these  qualities  it 
is  necessary  to  remove  the  outside  coating,  the  glue,  which  covers  it  in 
the  raw  silk  and  forms  about  25  per  cent,  of  the  total  weight.  This 
is  the  object  of  the  operation  called  boiling-off,  which  is  the  first  of  the 
chemical  treatments  of  silk.  We  will  study  the  boiling-off  of  silk 
under  two  heads: 

(1)  From  the  scientific  standpoint.  The  action  on  the  silk  of 
various  dissolvents  of  the  glue,  and  demonstrations  for  the  reasons  for 
using  soap. 

(2)  From  the  Industrial  point  of  view.  Application  of  the  boil- 
ing-off process  to  various  yarns  and  fabrics  made  either  of  pure  silk  or 
mixtures  of  silk  and   other   textile  fibers. 

The  Science  of  Boiling-Off. 

The  general  principle  on  which  the  boiling-off  process  Is  based 
is  the  .property  which  the  sericin  or  silk  glue  possesses  of  becoming 
soluble  in.  certain  alkaline  solutions  which  affect  the  fibroin  very  little 
or  not  at  all.  These  solutions  dissolve  the  silk  glue  or  sericin,  leaving 
the  central  part  or  fibroin  exposed  and  possessing  all  of  its  peculiar 
properties. 

As  soon  as  one  begins  to  study  the  action  of  various  alkaline 
solutions  on  silk,  he  discovers  that  the  effects  vary  widely  with  the 
nature  of  the  alkaline  products  used,  their  degree  of  concentration, 
the  temperature  and  the  duration  of  their  action.  A  large  number  of 
these  alkaline  agents  accomplish  easily  the  principal  object  of  the 
operation,  the  dissolution  of  the  sericin  or  silk  glue,  but  others  impair 
the  solidity  or  strength  of  the  fibroin  that  remains.  Others,  while  not 
affecting  the  strength  of  the  fibroin  do  not  leave  the  desired  brilliancy 
on  the  silk.  Lastly,  one  of  the  objects  of  the  operation,  the  complete 
removal  of  the  natural  yellow  coloring  matter  of  certain  raw  silks 
(French  and  Italian)  seem  to  present  greater  difficulty  than  does  the 
dissolution  of  the  sericin. 

The  majority  of  the  authors  who  -have  written  on  this  question 
have  studied  the  subjects  from  the  viewpoint  of  pure  science.  On  the 
other  hand,  the  most  of  the  experiments  in  the  application  of  alkalies 
to  Industrial  boiling-off  have  been  made  in  the  laboratories  of  the  mills, 
and  as  a  rule,  the  results  have  not  been  made  public.  Having  had 
occasion  for  several  years  personally  to  make  tests  in  this  process,  I 
give  tcre  the  results  of  my  work,  which  have  not  been  published  else- 
where, and  am  confident  that  they  will  interest  silk  manufacturers 
gererally  My  experiments  have  been  made  with  the  object  of  deter- 
mining the  action  of  alkaline  agents  in  the  boiling-off  of  silk  In  com- 
parison with  the  action  of  soap  which  is  used  exclusively  for  this  pur- 
pose The  price  of  soap  being  much  higher  than  most  of  the  alkalme 
agents,  and  its  removal  by  rinsing  presenting  special  difficulties,  I  have 
endeavored  to  discover  the  reasons  for  its  use. 
Action  of  Alkalis  on  Silk. 

Method  Employed.  With  the  object  of  solving  the  problem  under 
the  most  complex  conditions  I  have  experimented  on  yellow  silk 
Cevennes  tram  36/3S  deniers,  3  ends,  the  tests  having  been  made  on 
skeins  of  150  grains  each,  the  bath  containing  30  cubic  inches   (7500 
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grains)  of  water  in  an  uncovered  1-qiiart  copper  bowl,  and  brought  to  a 
gentle  boil,  the  quantity  of  the  liquor  being  kept  uniform  by  the  addi- 
tion of  distilled  water  to  replace  the  loss  by  evaporation.  The  skeins 
were  weighed  after  being  exposed  for  two  hours  to  an  average  atmos- 
phere. The  results  are  given  in  the  following  tables  which  indicate 
for  each  test: 

Duration  of  the  test. 
Concentration  of  the  boiling-off  bath. 

Percentage  of  the  alkali  based  on  the  weight  of  the  silk. 
Loss  of  weight  of  the  silk  after  each  test. 
Strength  of  the  thread  after  each  test,  an  average  of  10  tests. 
Quality  of  the  boiled-oft  silk. 

Figures  giving  the  breaking  strain  of  the  boiled-off  silk,  which 
indicate  the  alteration  of  the  thread  at  each  test.  The  comparison  Is 
with  the  breaking  strain  of  the  silk  before  the  treatment,  the  latter 
being  taken  as  100. 

Table  0.     Bolling-Off  In  Distilled  Water. 
Minutes  iL.oss%      Breaking-Strain  Boiled-off  Silk 

30  5.3  95  Harsh  handle,  dull  appear- 

ance, color  reduced  about 
50%. 
60  13.0  85  Nearly  like  No.  1 

90  -  15.5  78  Softer  handle  and  slightly 

more       brilliant,      same 
color. 
120  21.6  71  Handle     and      appearance 

like  preceding,  less  color. 
180  22. S  66  Handle  nearly  like  that  of 

hoiled-off  silk,   but  with 

less  luster,  about  S0%  of 

the  color  removed. 

These  results  agree  with  those  published  by  various  authors,  the 

water  apparently  slowly  dissolving  the  sericin,  the  loss  of  weight  being 

approximately  in  proportion  to  the  duration  of  the  treatment.     At  the 

same  time  the  water  impairs  the  strength  of  the  silk,  which  indicates 

that  the  fibroin  itself  is  being  slowly  attacked.     The  yellow  coloring 

matter  seems  to  disappear  more  slowly  and  with  greater  difficulty  than 

the  sericin   itself. 

The  results  of  the  tests  with  various  solutions  were  as  follows, 
the  solution  being  given  in  parts  per  1000  by  weight: 

Table  1.     Boiling-off  with  Carbonate  of  Soda  (Na'Co'). 
Min.       Sol.     %  Carb.  Loss%        Break  Boiled-off-Silk 

30  1  5  24.8  97         Raw  silk  handle.     About  90% 

yellow    shade   lost.     Fairly 
brilliant. 
go  X  5  25.2  85         Same  handle  and  color.  Less 

brilliancy. 
30  2  10  24.1  93         Same      handle      and      color. 

Fairly   brilliant. 
60  2  10  25.9  82        Same  handle  and  color.    Not 

so  brilliant. 
30  4  20  25.  85         Same    handle    and    color    as 

preceding.       Fairly    bril- 
liant. 
60  4  20  26.2  78         Same      handle      and      color. 

Much  less  brilliant.' 
30  10  50  26.  Sfi         Same  handle  and  color.  Fair 

brilliancy. 
60  10  fiO  26.5  77         Same      handle      and      color. 

Loss  of  brilliancy.  Thread 
begins  to  get  fluffy. 
One  part  of  carbonate  per  1000  seems  to  be  enough  to  dissolve 
the  sericin  completely  in  30  minutes,  but  the  silk  retains  about  10 
per  cent,  of  its  original  yellow  shade.  An  increase  of  the  strength  of 
the  solution  to  10  parts  per  1000  does  not  seem  to  affect  the  shade, 
but  the  breaking  strain  decreases  as  the  strength  of  the  solution   in- 
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creases.  If  the  process  is  continued  for  one  hour  with  weak  solutions, 
the  result  is  a  decrease  of  brilliancy  and  strength.  This  action  in- 
creases with  an  increase  of  the  strength  of  the  solution,  and  the  forma- 
tion of  fluff  is  very  noticeable  with  10  parts  per  1000.  The  conclusion 
is  that  carbonate  of  soda  alters  the  silk  before  a  complete  removal  of 
the  sericin  is  effected,  and  that  it  removes  the  sericin,  Ijut  not  the 
yellow  color. 

Table  2.     Boiling-off  with  Caustic  Soda  (NaOH). 
'Min.       Sol.  %Caustic  boss'/e        Break  Boiled-off   Silk 

30  1  5  26.7  94        Raw  silk  handle.    Fairly  bril- 

liant, nearly  90%   of  the  yel- 
low gone. 
60  1  5  26.9  75         Same     color,     but     less     bril- 

liancy. 
30  2  10  28.8  47        Same  color,  but  greater  bril- 

liancy, thread  split  and  fluffy. 
The  action  of  the  caustic  is  more  energetic  than  that  of  the  car- 
bonate; but  proceeds  in  the  same  way.     First,  the  sericin  is  removed 
with  most  of  the  yellow  color,  but  the  alteration  of  the  thread  takes 
place  before  the  color  disappears  completely.     This  alteration   is  pro- 
nounced, as  indicated  by  the  decrease  in  the  strength  of  the  thread. 
Table  3.     Boiling-off  with   Borate  of  Soda. 
Min.       Sol.  %Borate    Lossfv,       Break  Boiled-off  Silk 

30  1  5  22.4  97        Slightly    harsh.      Fairly    bril- 

liant.     About    607o    of    color 
gone. 
60  1  5  24.7  95        Softer     than     previous     test. 

More  brilliant  and  about  the 
same  color. 
30  2  10  23.9  95        Raw  silk  handle.  Fairly  bril- 

liant and  has  lost  90%  of  the 
color. 
Same. 
Slightly   less   color   than   pre- 


60 

2 

10 

25.2 

96 

Same. 

30 

5 

25 

25. 

98 

Slightlj 
ceding. 

60 

5 

25 

25.4 

99 

Same. 

30 

10 

50 

25.5 

99 

Same. 

60 

10 

50 

25.7 

99 

Same. 

In  these  tests  with  borate  of  soda  we  do  not  discover  any  attack 
on  the  thread,  this  being  doubtless  due  to  the  slight  alkalinity  of  the 
borax.  The  solution  of  2  parts  borate  per  1000  dissolves  the  sericin, 
but  does  not  remove  the  color,  and  the  increase  in  the  strength  of  the 
solution  does  not  improve  the  effect  from  this  point  of  view.  The 
maximum  of  discoloration  takes  place  at  the  beginning  of  the  opera- 
tion. 

Table  4.     Boiling-off  with  Sodium  Phosphate  (Po'Na'). 
Min.      Sol.     %Phos. 
30  1  5 


60  1  5 

30  2  10 


60 

2 

10 

30 

5 

25 

60 

5 

25 

30 

10 

50 

60 

10 

50 

Loss% 

Break 

Boiled-off   Silk 

22.2 

99 

Slightly  harsh,  fairly  bril- 
liant, about  50%  of  color 
gone. 

24.1 

97 

A  little  softer,  75';/,,  of  yel- 
low gone. 

25.3 

9S 

Raw  silk  handle,  fairly  bril- 
liant, about  90%  of  color 
gone. 

25.8 

95 

Same. 

25.5 

97 

Same. 

25.9 

93 

Same. 

26.2 

95 

Same. 

26.5 

93 

iSame. 

These  results  are  very  near  those  obtained  with  borax.     One  part 
per  1000  gives  a  very  incomplete  effect,  as  with  borax,  but  with  2  parts 
the  sericin  is  almost  entirely  dissolved.     As  for  the  color,  the  sodium^ 
phosphate,  like  the  borax,  does  not  remove  it  completely,  even  when* 
the  solution  is  made  stronger  and  the  tim°  ■extended. 
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Table 

5. 

Boi 

ling-off 

in  Silicate  of  Soda  (35"  Be.). 

lin. 

Sol. 

%iSilicate 

Loss',! 

Break 

Boiled-off  Silk 

30 

2 

10 

16.7 

95 

Harsh  with  portions  stuck 
together  by  the  sericin.  About 
50<;'c  of  color  lost. 

60 

2 

10 

20.2 

96 

Slightly  improved,  but  with 
color   the   same. 

30 

5 

25 

23 

95 

Handle  of  boiled-off  silk.  Uis- 
trous  with  nearly  75%  of  the 
color  gone. 

60 

5 

25 

24.5 

97 

Same. 

30 

10 

50 

24.8 

95 

Same. 

60 

10 

50 

24.9 

93 

Same. 

The  results  appear  to  be  inferior  to  those  from  borate  and  jihos- 
phate  of  soda.  The  first  two  tests  are  wholly  inadequate.  Beginning 
with  5  parts  to  1000  the  silk  is  sensibly  boiled  off,  but  to  a  less  extent 
than  with  the  borate  and  phosphate. 

Table  6.     Boiling-off  in  Olive  Oil   Soap. 

This  soap  is  made  from  the  fourth  quality  of  olive  oil,  obtained  by 
pressing  the  pulp  of  olives. 


Min. 

Sol. 

%'Soap 

Loss% 

Break 

Boiled-off  Silk 

30 

1 

5 

21.2 

98 

A  little  harsh.  No  luster,  with 
75%  of  color  gone. 

60 

1 

5 

24.2 

97 

Softer  and  lacking  in  luster. 

30 

2 

10 

25.5 

99 

Slightly  whiter  and  more  lus- 
trous. 

60 

2 

10 

27.2 

96 

More  lustrous  with  less  color. 

30 

5 

25 

26.6 

98 

Handle  of  boiled-off  silk. 
Very  white  and  lustrous. 

60 

5 

25 

27.1 

97 

Same. 

30 

10 

50 

26.9 

99 

Same. 

60 

10 

50 

27.2 

99 

Same. 

30 

20 

100 

27.1 

98 

Same. 

60 

20 

100 

27 

96 

Same. 

The  results  are  very  different  from  those  obtained  with  the  alka- 
line solutions  noted  in  the  previous  tests.  We  discover  the  dissolution 
of  the  sericin,  the  discoloration  of  the  silk  and  the  increase  in  luster 
progressing  together  in  proportion  to  the  strength  of  the  solutions 
and  the  duration  of  the  treatment. 

The  first  tests  prove  that  it  is  possible,  especially  by  a  treatment 
for  one  hour,  to  remove  the  sericin  with  solutions  much  weaker  than 
are  used  in  practice  1  to  2  parts  per  thousand  or  5  to  10  per  cent. 
of  the  weight  of  the  silk,  but  under  these  conditions  the  color  is  only 
partially  removed  and  the  luster  is  not  developed.  It  seems  that  in 
order  to  obtain  a  normal  boil-off  it  is  necessary  to  use  at  least  5  parts 
of  soap  per  thousand  or  25  per  cent,  of  the  weight  of  the  silk.  These 
conditions  are  very  near  to  those  existing   in  (practice. 

Table  7.  Boiling-off  in  White  Oleine  Soap. 
Min.       Sol.     %Soap     Loss%       Break  Boiled-off  Silk 

30  1  5  22.8  100        Slightly  harsh.  No  luster  with 

75%  of  the  color  gone. 
60  1  5  24.0  98         A  little  whiter  and  more  lus- 

trous  than   the   preceding. 
30  2  10  24.8  98         90%  of  the  color  gone.  Slight- 

ly more  lustrous, 
60  2  10  25  101         Same  color  and  slightly  more 

lustrous. 
30  5  25  25.2  100        The  handle  of  boiled-off  silk. 

Bluish  white  and  lustrous. 


60              5 

25 

25.8 

95 

Same. 

30            10 

50 

25.4 

97 

Same. 

60           10 

50 

25.S' 

98 

Same. 

30           20 

100 

25.3 

97 

Same. 

60           20 

100 

26.2 

96 

Same. 

These  results  are 

identical 

with 

those  obtained  with  the  olive  oil 

soap. 

27 

Summary  of  Results. 

The  results  of  all  of  the  tests  reported  above  lead  to  the  following 
conclusions: 

1.  The  effect  of  poor  water  is  to  cause  at  first  a  dissolving  of  the 
sericin  or  silk  glue  and  later  probably  a  dissolving  of  the  fibroin, 
which  is  accompanied  by  a  progressive  weakening  of  the  fiber,  this 
method  apparently  not  being  practicable  on  an   industrial  scale. 

2.  Energetic  alkaline  reagents  (caustic  soda  and  carbonate  of 
soda)  affect  at  first  the  sericin  or  wool  glue  which  they  dissolve  very 
easily.  The  coloring  matter  offers  greater  resistance  and  before  it  is 
completely  removed  the  solution  attacks  the  silk  fiber,  this  being  in- 
dicated by  a  decrease  in  the  strength  and  a  loss  of  brilliancy,  especial- 
ly with  caustic  soda. 

3.  The  action  of  weak  alkaline  reagents  (borate,  phosphate  and 
silicate  of  soda)  is  much  more  interesting  in  that  apparently  they  do 
not  attack  the  fibroin,  even  when  the  solution  is  very  strong.  They 
dissolve  the  silk  glue  very  easily  and  give  a  fairly  brilliant  product, 
but  do  not  remove  completely  the  coloring  matter  of  the  silk  glue.  As 
a  result  they  cannot  be  used  in  the  boiling-off  of  silk  for  light  shades. 

4.  Soap  alone  in  suitable  solutions  enables  the  silk  to  be  boiled 
off  without  affecting  the  strength  or  brilliancy  of  the  product,  while 
at  the  same  time  removing  completely  the  yellow  shade. 

These  conclusions  enable  us  to  understand  why  soap  alone  is  used 
in  the  boiling-off  of  silk  on  an  industrial  scale  notwithstanding  Its 
high  price  as  compared  with  other  alkaline  reagents. 

We  will  now  consider  what  are  the  best  conditions  for  boiling-off 
with  soap  in  relation  to  both  the  economy  of  the  process  and  the  qual- 
ity of  the  product.  The  tests  which  we  have  made  disclose  the  fol- 
lowing facts: 

1.  The  silk  glue  is  much  more  quickly  and  easily  dissolved  than 
is  the  coloring  matter  of  the  silk. 

2.  The  coloring  matter  is  apparently  removed  more  easily  by 
increasing  the  strength  of  the  soap  solution  rather  than  by  extending 
the  duration  of  the  treatment.  Experiments  made  on  this  point  have 
even  indicated  that  the  coloring  matter  of  the  silk  glue  can  be  fixed 
solidly  on  the  fibroin  by  a  prolonged  treatment  of  the  silk  in  a  weak 
alkaline  solution.  It  is  consequently  desirable  to  remove  the  coloring 
matter  rapidly  by  a  rather  energetic  treatment,  but  not  too  prolonged, 
with  the  object  of  separating  the  fibroin  as  quickly  as  possible  from 
the  coloring  matter  and  prevent  the  latter  from  being  fixed  or  set 
on  the  silk. 

This  leads  us  logically  to  the  two  consecutive  soap  baths  which 
are  used  in  the  industry. 

1.  A  strong  solution  of  soap  to  which  is  added  a  trace  of  car- 
bonate of  soda  for  the  purpose  of  increasing  its  dissolving  properties, 
boiling  well,  and  prolonging  the  boil  for  only  20  to  30  minutes  in  order 
to  prevent  as  far  as  possible  the  contact  of  the  fibroin  with  the  color- 
ing matter  in  the  dissolved  silk  glue.  This  first  treatment  is  usually 
called  degumming. 

2.  A  neutral  soap  bath,  fresh,  somewhat  weaker  than  the  first 
bath,  and  the  treatment  of  the  silk  continued  from  40  to  45  minutes. 
In  the  second  bath,  which  does  not  contain  any  silk  glue  or  coloring 
matter,  the  fibroin  is  cleansed  perfectly  and  acquires  all  the  brilliancy 
and  whiteness  of  which  it  is  capable.  This  second  operation  is  called 
boiling-off. 

In  order  to  reduce  the  cost  of  soap  these  two  baths  are  combined 
in  one  In  the  following  manner,  which  gives  a  methodical  treatment  of 
the  silk. 

The  boiling-off  bath  of  one  operation  is  slightly  strengthened  by 
the  addition  of  soap  and  a  small  quantity  of  carbonate  of  soda,  this 
bath  being  used  for  degumming  the  next  batch  of  the  silk  to  be  treated. 
In  this  w-ay  the  cost  of  soap  is  greatly  reduced,  and  a  bath  is  obtained 
that  Is  relatively  rich  in  dissolved  silk-glue.    This  bath,  furthermore, 
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is  not  lost,  but  is  used  for  dyeing  the  silk  by  the  process  in  which  tlie 
exceptional  emulsive   properties  of  the  silk  glue  are  utilized. 

Having  completed  this  resume  of  all  of  the  chemical  phenomena 
accompanying  the  boiling-oft  of  silk  we  will  in  the  next  article  begin 
the  study  of  the  i)ractical  application  of  the  process  to  different  kinds 
of  silk  yarn  and  silk  fabrics  made  of  pure  silk  and  part  silk,  also 
the  quantities  of  soap  to  be  used,  the  mechanical  apparatus  employed 
and  the  oiperations  which  complete  the  boiling-off  process,  such  as 
rinsing,  weighting,  etc. 

Quantity  of  Soap  to  Use. 
We  have  found  by  the  tests  already  made  that  from  5  to  20  parts 
of  soap  per  1000  parts  by  weight  of  water  should  be  used  in  order  to 
obtain  satisfactory  results  in  boiling-off.  In  industrial  practice  it  was 
formerly  the  rule  to  use  soap  equal  to  25  per  cent,  of  the  weight  of  the 
silk.  This  proportion  gives  good  results  when  boiling-off  yarn  in  a 
tub.  Under  these  conditions  from  30  to  35  pounds  of  water  is  used 
for  each  pound  of  silk,  giving  a  concentration  of  about  S  parts  of 
soap  to  1000  parts  of  water.  This  is  the  right  quantity  from  all  points 
of  view. 

When  piece  dyed  goods  are  handled,  that  is,  when  dyeing  goods  in 
the  piece  and  not  in  the  yarn,  it  is  necessary  in  order  to  manipulate 
the  goods  properly  to  use  a  much  larger  volume  of  liquor.  Under  these 
conditions  the  quantity  of  soap  Is  based,  not  on  the  weight  of  the 
goods  being  treated,  but  on  the  quantity  of  water  used.  Soap  solutions 
varying  from  6  to  10  parts  per  1000  parts  of  liquor  by  weight  are  used. 
The  weakest  solutions  are  used  for  the  largest  baths  and  for  silk 
that  is  easy  to  boil  off,  fine  counts,  soft  twisted  silk,  light  fabrics,  while 
the  quantity  of  soap  is  increased  for  coarse  silks,  fabrics  made  of  hard 
twisted  yarns,  grenadines,  organzines,  etc.,  and  for  all  fabrics  diffi- 
cult to  penetrate.  Usually  the  first  bath  is  more  concentrated  than 
the  second. 

Water  Used  for  Boiling  Off. 

It  is  necessary  to  dissolve  the  soap  in  water  that  is  as  pure  as 
possible.  Water  containing  lime  or  magnesium  salts  contribute  to  the 
formation  of  insoluble  soaps  of  lime  and  magnesium,  causing  a  very 
marked  loss  of  soap  and  an  imperfect  bath  which  results  in  deposits  on 
the  fiber,  causing  a  loss  of  brilliancy.  For  this  reason  natural  water, 
obtained  in  sections  where  it  is  found  in  a  very  pure  state,  is  used. 
Water  artificially  purified  or  condensed  from  steam  is  also  used. 

Effects  of  Soap  Bath. 
In  order  to  take  into  consideration  the  best  conditions  for  apply- 
ing the  soap  bath  to  silk  yarns  and  fabrics  we  should  first  examine 
the  different  results  that  this  bath  produces  on  articles  made  of  raw 
silk. 

1.  The  soap  has  two  favorable  effects  on  the  result: 

(a)     Dissolving  the  silk  glue  and  the  yellow  coloring  matter. 
(&)     Removing  spots  and  foreign   impurities  from  the  fiber. 

2.  The  soap  has  an  unfavorable  and  frequently  very  damaging 
effect  on  the  result: 

(a)  Tangling  the  threads  in  the  skeins  or  the  slipping  of  the 
threads  one  on  the  other  in  the  fabric.  This  effect,  which  is  purely 
mechanical,  is  due  naturally  to  the  agitation  produced  by  the  boiling 
of  the  soap  or  by  the  movement  given  to  the  material  in  the  bath.  This 
unfavorable  effect  is  enormously  aggravated  by  the  following  phe- 
nomenon: 

At  the  beginning  of  the  boiling-off  operation  the  silk  glue  or  sericin 
begins  to  swell  and  soften  before  it  is  dissolved.  At  this  time  the 
filaments  of  fibroin  are  enveloped  in  a  viscous  mass  in  which  they  slip 
with  surprising  facility.  The  slightest  movement,  whether  of  the 
liquid  or  of  the  fiber,  is  sufficient  to  change  the  relative  position  of 
the  fibroin  filaments.  If  the  material  is  in  the  form  of  skein  yarn  the 
danger  is  less  because  the  tangling  of  the  threads,  if  not  too  bad,  can 
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be  corrected  by  suitable  handling  and  manipulation,  but  in  loose  fab- 
rics this  displacement  of  the  threads  often  causes  a  fraying  which  in 
net  fabrics,  such  as  tulle  and  lace,  is  frequently  incurable.  This  pasty 
condition  of  the  silk  glue  lasts  but  a  short  time  and  then  it  liquefies 
and  becomes  entirely  dissolved.  The  fibroin  filaments  then  come  in 
contact  with  each  other  and  in  this  condition  it  is  very  difficult  to  dis- 
place them.  It  is  in  considering  these  three  effects,  with  the  object 
naturally  of  facilitating  the  first  two  and  preventing  the  third,  that 
we  will  now  study  the  iiractical  application  of  boiling-oft  to  the  differ- 
ent kinds  of  silk  products. 

Boiling  Off  Skein  Silk. 

This  represents  the  simplest  operation  of  boiling-off  and  is  gen- 
erally carried  in  a  tub  heated  by  a  c'osed  coll  through  which  the  steam 
circulates  under  pressure.  In  order  to  avoid  tangling  of  the  silk  yarn 
by  contact  with  the  sides  of  the  receptacle  a  copper  tank  is  used  or  a 
wooden  tank  lined  with  copper,  the  latter  retaining  the  heat  in  the 
liquor  much  better  than  when  copper  alone  is  used.  I  have  obtained 
excellent  results  with  wooden  tubs  lined  with  zinc. 

The  capacity  of  the  tubs  is  naturally  in  proportion  to  the  quantity 
of  yarn  to  be  treated.  A  tub  of  the  ordinary  size,  say  30  in.  wide  and 
28  in.  deep,  will  accommodate  about  20  pounds  of  silk  per  yard  of 
length.  To  prevent  tangling  of  the  silk  so  far  as  possible  the  skeins 
are  handled  as  follows: 

The  boiling-off  liquor  is  usually  prepared  with  the  preceding  bath 
strengthened  by  a  small  quantity  of  soap  in  order  to  bring  the  amount 
up  to  S-10  parts  of  soap  per  looO  parts  of  liquor  by  weight  and  a  traci 
of  carbonate  of  soda  ( i^  to  Vs  liart  per  1000).  This  bath  is  heated  by 
the  coil  to  the  temperature  of  200-208°F.,  that  is  to  say  as  hot  as  pos- 
sible  without  bringing  it  to   a  boil. 

The  skeins  of  silk  hung  on  bamboo  sticks  are  lowered  into  the 
liquor.  When  the  sticks  rest  on  the  side  of  the  tub,  the  skeins  are 
submerged  In  the  liquor  for  about  three-quarters  of  their  length.  The 
workman  begins  to  move  them  gently  lengthways  of  the  tub,  first  in 
one  direction  and  then  in  the  other,  but  without  moving  the  skeins 
on  the  sticks,  that  is  to  say,  always  leaving  the  same  part  of  the  skein 
immersed    in   the  bath. 

This  gentle  movement  produces  a  slow  passage  of  the  liquor  over 
the  yarn,  which  facilitates  the  removal  of  the  dissolved  gum  witherut 
tangling  the  yarn. 

After  this  treatment  has  continued  for  ten  or  fifteen  minutes  the 
gum  or  sericin  has  a  tendency  to  soften  and  partially  dissolve.  The 
skeins  are  then  changed  on  the  sticks,  the  upper  part,  which  has  not 
been  subjected  to  the  liquor,  is  being  immersed  in  the  bath,  and  the 
operation  already  described  is  repeated.  The  greater  part  of  the  gum 
has  now  been  removed  and  the  skeins  are  moved  back  and  forth  more 
rapidly  in  the  liquor  in  order  to  increase  the  cleansing  action  of  the 
soap  and  remove  the  dissolved  gum  that  remains  on  the  silk.  At  the 
end  of  about  forty  minutes  the  skeins  are  taken  out  of  the  bath  and 
twisted  tightly  by  hand  or  on  pins  in  order  to  squeeze  out  the  soap. 
Then  without  rinsing  them,  the  skeins  are  passed  to  the  second  or 
boiling-off  bath. 

As  has  already  been  stated  this  bath  consists  of  a  fresh  solution 
of  soap  with  the  quantity  of  soap  slightly  less  than  in  the  first  or 
degumming  bath  (6-8  parts  of  soap  per  1,000  parts  of  liquor  by  weight) 
and  without  the  carbonate  of  soda. 

For  silk  with  slight  or  medium  twist,  the  second  bath  is  pre- 
pared in  a  tub  like  the  one  used  for  the  first  or  degumming  process. 
As  the  greater  part  of  the  gum  or  sericin  has  already  been  removed 
from  the  silk  and  there  is  consequently  less  risk  of  tangling,  it  is 
possible  to  move  the  skeins  back  and  forth  very  rapidly  during  the 
treatment  for  45  to  60  minutes,  and  raise  the  temperature  of  the  bath 
to  a  gentle  boil.  It  is  a  good  plan,  however,  not  to  boil  the  liquor  too 
hard,  for  it  often  happens  that  under  the  infiuence  of  the  boiling  the 
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silk  becomes  twisted  and  tangled  to  such  a  degree  as  to  make  it 
impossible  to  straighten  it  out.  This  defect  causes  a  condition,  which 
is  described  in  the  mills  as  "rat's  nest"  and  may  result  in  the  complete 
loss  of  the  tangled  skeins. 

For  hard  twisted  silk,  such  as  hard  organzine  and  grenadine  the 
dissolving  of  the  gum  is  made  more  difficult  by  reason  of  the  pressure 
of  the  silk  filaments  on  each  other,  which  renders  it  more  difBcult  for 
the  soap  liquor  to  penetrate  the  yarn  and  also  causes  the  silk  yarn  to 
wind  on  itself,  causing  the  skein  to  crinkle  and  form  into  a  ball  when 
it  is  brought  in  contact  with  the  hot  water.  It  is  then  necessary  to 
modify  the  process.  The  proportion  of  soap  is  increased  to  about  25 
per  cent,  in  order  to  increase  the  dissolving  and  detergent  action  of 
the  liquor.  The  skeins  are  drawn  frequently  over  the  sticks  durin-; 
the  degumming  process  in  order  to  straighten  the  yarn  and  stir  up 
the  soap,  thus  renewing  the  contact  of  the  liquor  with  the  silk.  In  the 
second  boiling-off  bath  the  skeins  are  not  hung  on  sticks,  but  are 
packed  in  sacks  made  of  an  open-mesh,  hemp  cloth,  which  are  im- 
mersed in  the  boiling  bath,  the  copper  tub  being  heated  by  a  direct 
fire  or  by  steam  pipes  under  a  false  bottom.  This  process  is  called 
boilin,g-oft  in   sacks. 

When  thus  protected  by  the  sacks  against  the  agitation  of  the 
liquor  during  the  boil,  the  silk  is  less  liable  to  tangle  and  the  dissolv- 
ing of  the  gum  or  sericin  is  facilitated  by  the  slightly  higher  tempera 
ture  of  the  bath.  During  the  operation  the  sacks  are  moved  around 
in  the  bath  by  means  of  a  stick  in  order  to  equalize  the  action  of  tha 
liquor  as  far  as  possible. 

When  the  boiling-off  operation  is  completed  the  skeins  are  removed 
from  the  sack  and  twisted  by  hand  or  on  pins  and  examined  to  make 
sure  that  the  boiling-off  is  complete  and  uniform.  It  sometimes  hap- 
pens that  parts  of  the  batch  are  found  compressed  in  the  sacks  and 
have  not  been  thoroughly  boiled  off,  this  causing  places  that  are  termed 
"biscuits."  iSuch  skeins  are  put  to  one  side  and  subjected  to  a  supple- 
mentary boil-off.  The  silk  that  has  been  thoroughly  boiled  off  is  sent 
to  the  rinsing  bath  which  will  be  described  later. 

The  manipulation  of  the  skeins  on  sticks  has  been  generally  re- 
placed in  the  large  dye  houses  by  machines,  which  give  more  uniform 
results.  The  machines  used  at  Lyons  are  similar  to  those  employed 
for  dyeing  yarn  in  skeins,  all  of  them  having  been  derived  from  tho 
Corrompt  machine,  in  which  rotary  rolls  of  porcelain  are  generally  used. 

Before  concluding  this  study  of  the  boiling-off  of  skein  silk,  a  few- 
words  should  be  said  regarding  a  process  which  is  not  used  at  the 
present  time,  but  a  knowledge  of  which  sheds  an  important  light  on 
the  three  effects  of  the  soap  bath  which  we  have  discussed.  This 
process  is  boiling-off  under  steam   pressure. 

The  dissolving  action  of  the  soap  on  the  silk  gum  or  sericin  in- 
creases greatly  as  soon  as  the  boiling  temperature  is  reached  or 
passed.  This  temperature  increases  the  agitation  and  consequently 
the  tangling  action  of  the  liquor.  As  a  result  the  idea  was  proposed 
to  prevent  the  boiling  action  by  heating  the  soap  hath  under  pressure. 
A  temperature  of  217°  to  220'  F.  can  be  attained  without  causing  any 
sensible  alteration  of  the  silk.  Good  results  are  obtained  in  removing 
the  sericin  and  color  from  the  silk  under  these  conditions  but  a  new 
difficulty  arises  by  reason  of  the  fact  that  the  yarn  remains  stationary 
in  the  bath.  This  prevents  completely  the  cleansing  action  that  results 
from  the  friction  of  the  filaments  on  each  other.  All  of  the  foreign 
matter  and  spots  on  the  raw  silk  remain  on  the  boiled-off  silk  and 
cannot  be  removed. 

Attempts  have  been  made  to  remedy  this  difficulty  by  using  a  closed 
kier  in  which  the  skeins  of  silk  are  placed  on  rolls  that  turn  slowly 
and  immerse  the  skein  in  the  soap  liath  heated  under  pressure.  This 
machine  is  not  used  at  the  present  time. 

Boiling-off  under  pressure  has  been  used  for  various  kinds  of  silk 
fabrics  and  abandoned  for  the  same  reason — namely  the  lack  of  cleans- 
ing action  in  the  soap  bath. 
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Boiling-Off  Silk  Fabrics. 

A  large  portion  of  the  silk  goods  manufactured  are  boiled  oft  and 
dyed  in  the  piece.  From  a  chemical  point  of  view  the  process  is  the 
same  as  for  yarn,  but  it  is  necessary  to  adapt  the  mechanical  operation 
to  the  various  fabrics.  There  are  three  distinct  methods  of  boiling-off 
silk  goods  in  the  piece:  (1)  In  rope  form;  (2)  Looped;  (3)  In  the 
open  width. 

Boiling-Off  in  Rope  Form. 

By  this  method  the  piece  is  folded  on  itself  withways,  forming  a 
tube  or  rope  of  the  same  length  as  the  piece  itself.  In  this  condition 
it  is  wound  on  a  horizontal  drum  which  is  turned  either  by  hand  or 
mechanically.  The  piece  is  then  unwound  in  the  bath  where  it  is 
spread  around  with  a  stick.  After  the  piece  has  been  completely  un- 
wound it  is  wound  back  on  the  drum,  being  taken  out  on  one  side  of 
the  bath  in  order  to  enter  it  at  the  other,  while  manipulating  it  In  the 
bath  with  the  sticks. 

This  rather  rudimentary  operation  is  the  oldest  method  used  In 
d.veing  piece  goods.  It  has  the  advantage  of  requiring  only  a  very 
simple  mechanical  installation,  but  it  causes  great  w-ear  on  the  fabric. 
Very  light  goods  which  are  easily  chafed  or  torn,  heavy  goods  in  which 
there  is  a  tendency  for  the  folds  to  become  set  and  cause  more  or  less 
permanent  creases,  and  very  lustrous  fabrics  such  as  satins  on  wmcli 
the  slightest  blow  with  the  stick  produces  a  dull  spot,  cannot  be  handled 
by  this  method  which   is   being   rapidly   abandoned. 

At  the  present  time  silk  pieces  in  rope  form  are  handled  in  a  ma- 
chine of  which  the  principal  part  is  an  elliptical  roll  having  two  very 
different  axes.  The  reel  or  drum  is  of  a  decidedly  flattened  form, 
and  when  it  revolves  produces  a  series  of  jerks  or  concussions  alter- 
nately to  the  right  and  left.  This  shaking  results  in  forming  regular 
folds  in  the  piece  and  enables  the  goods  to  be  immersed  in  the  bath 
without  tangling. 

Boiling-off  silk  pieces  in  rope  form  is  carried  on  in  two  soap  baths, 
degumming  and  boiling-off,  as  for  silk  yarn. 

Handling  Pieces  in  Loops. 
The  loop  method  of  handling  silk  piece  goods  is  extensively  used 
.for  a  large  number  of  light  fat>rics,  mousseline,  pongee,  crepe-de-chine, 
etc.  The  piece  is  hung  on  loops  or  rings  of  cotton  thread  which  are 
sewed  at  regular  intervals  on  one  or  both  selvages.  These  rings  of 
cotton  thread  are  then  hung  on  sticks,  and  the  piece  takes  the  position 
shown  at  Fig.  1.  B  B  shows  the  sticks  in  cross  section;  F,  the  loops 
or  rings  of  cotton  thread;  P,  the  folds  of  the  piece.  This  illustration 
shows  the  piece  hung  by  both  selvages,  there  being  a  ring  or  loop  of 
cotton  thread  around  each  end  of  the  stick,  corresponding  to  the  two 
selvages,  which  are  thus  suspended  vertically  in  the  bath.  When  the 
sticks  rest  on  the  sides  of  the  tub  the  piece  can  be  readily  immersed 
completely  in  the  liquor,  and  by  moving  the  sticks  so  as  alternately  to 
separate  and  bring  them  together,  the  folds  of  the  cloth  are  alternately 
separated  and  brought  together,  which  facilitates  the  action  of  the 
liquor  on  both  sid«s  of  the  cloth. 

Another  method  of  looping  the  pieces  consists  in  attaching  the  rings 
or  loops  of  cotton  thread  to  one  selvage  only,  sometimes  passing  the 
loop  of  thread  through  several  folds  of  the  piece  at  one  time.  If  the 
loops  are  then  hung  on  the  sticks  the  piece  assumes  a  position  at  a 
right  angle  to  that  shown  at  Fig.  1,  one  selvage  being  looped  horizon- 
tally at  the  top  of  the  tub,  the  other,  which  is  not  looped,  being  at  the 
bottom.  The  manipulation  of  the  pieces  in  the  bath  is  the  same, 
l>eing  similar  to  the  handling  of  skeins,  except  that  it  is  not  necessary 
to  move  the  pieces  from  the  top  to  the  bottom,  as  they  are  completely 
immersed  in  the  liquor. 

Larger  tubs  are  required  for  handling  the  pieces  in  loop  form 
than  for  skein  dyeing,  or  piece  dyeing  in  rope  form.  The  dimensions 
of  the  tubs  are  made  to  suit  the  width  of  the  goods.     The  details  of 
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the    boiling-off    process    arc    naturally    identical    with    those    already 
described. 

Handling  Pieces  in  the  Open  Width. 

This  method  of  handling  piece  goods,  which  is  accomplished  me- 
chanically in  a  number  of  different  ways,  consists  in  keeping  the  piece 
spread  out  during  the  operation,  preventing  the  possibility  of  its  form- 
ing folds.  It  is  used  for  both  heavy  and  light  goods  in  which  folds  are 
liable  to  form,  and  cause  streaks  that  show  after  drying.  It  is  also 
employed  for  fabrics  in  which  the  boiling-off  bath  causes  a  contraction 
or  shrinkage  of  the  yarn,  for  example,  certain  fabrics  made  of  mixed 
wool  and  silk.  In  the  last  named  case  the  piece  is  kept  under  tension 
on  rolls  to  counteract  the  shrinkage  as  much  as  possible,  this  arrange- 
ment being  known  as  boiling-off  under  tension. 

For  heavy  and  delicate  fabrics,  firos  satin  for  example,  there  is 
still  used  a  very  old  arrangement  formerly  employed  in  blue-vat  dyeing. 
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Fig.  1 — Dyeing  Pieces  in  Loops. 

and  which  is  known  as  the  champagne  or  star.  This  arrangement 
consists  of  a  vertical  stem  or  shaft,  on  which  are  placed  two  hubs  each 
carrying  a  set  of  horizontal  spokes  arranged  in  the  form  of  a  star,  as 
shown  in,  the  plan  Fig.  2.  These  spokes  each  carry  a  row  of  hooks  on 
the  inside.  The  selvages  are  fastened  to  these  hooks,  and  the  piece  is 
thus  wound  in  spiral  form  between  the  two  stars,  as  shown  in  the 
illustration.    • 

The  production  with  this  device  is  small,  and  it  requires  a  very 
large  bath,  but  a  perfect  circulation  of  the  liquor  between  the  folds 
can  be  produced  by  moving  vertically,  the  reel  or  star,  which  is  sim- 
ply hung  in  the  soap  bath.  No  matter  how  delicate  the  goods  are 
there  is  no  danger  of  their  becoming  marked,  as  the  pieces  do  not  come 
In  contact  with  any  solid  part  of  the  device.  With  this  arrangement 
•the  pieces  are  given  the  two  soap  baths,  degumming  and  boiling-off. 
rinsing  and  weighting,  etc.  The  cloth  is  removed  only  when  all  of 
the  operations  are  completed. 

Silk  pieces  are  boiled  off  under  tension  in  a  machine  similar  to 
the  jigger  that  is  used  extensively  in  the  dyeing  of  cotton  goods,  but 
the  silk  machine  is  generally  larger.  It  usually  consists  of  a  rectan- 
gular tub  of  metal.  Fig.  3,  and  carrying  a  large  roller  at  each  end.  The 
piece  is  rolled  alternately  on  each  of  these  two  rollers,  between  which 
are  a  series  of  smaller  rollers  placed  alternately  at  the  bottom  and 
top  of  the  tub,  and  over,  which  the  piece  moves  while  completely  im- 
mersed  and   under  tension   in   the  soap   bath   during  the  passage  be- 
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tween  the  two  rollers  at  the  ends.  The  tension  which  occurs  each 
time  that  the  piece  is  wound  on  an  end  roller  facilitates  the  removal 
of  the  dissolved  gum. 

The  Treatment  of  Special  Fabrics. 

The  methods  of  handling  silk  which  have  heen  explained  above 
are  not  suited  for  certain  very  delicate  fabrics  which  are  easily  dis- 
arranged and  frayed  during  the  degumming  operation.  Among  such 
fabrics  are  the  Alencon  tulle  made  of  fine  thread,  the  loose  net  called 
"Illusion,"  the  silk  lace  known  as  "Islonde"  and  in  general  all  the 
goods  in  which  the  threads  have  few  points  of  contact  or  interlacing 
with  each  other  and  are  liable  to  become  disarranged  and  frayed  by  the 
slightest  tension  in  the  degumming  bath  at  the  moment  when  the  gum 
becomes  soft. 

Various  methods  of  manipulating  these  fabrics  have  been  tried  with- 
out satisfactory  results.  Among  these  has  been  the  use  of  the  circulating 
system  by  which  the  goods  remain  stationary  and  the  liquor  is  forced 
through  them  either  by  a  pump  or  by  a  hydro-extractor  moving  at  a 
slow  speed.  The  difficulty  with  this  method,  however,  is  that  as  soon 
as  the  gum  is  softened  the  silk  saturated  with  the  soap  solution  be- 
comes so  compact  that  the  circulation  of  the  liquor  becomes  impossible. 
Furthermore,  by  reason  of  the  goods  not  being  moved  freely  in  the 
liquor,  the  cleaning  action  is  completely  paralyzed. 

In  practice  a  method  is  used  for  handling  these  fabrics  which  is 
imperfect,  but  which  gives  fairly  good  results.     It  is  called  the  cushion 
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process  and  is  carried  out  as  follows:  It  has  been  found  that  the 
"Illusion"  fabric  does  not  become  displaced  as  easily  when  the  tension 
is  crossways  of  the  fabric  instead  of  lengthways,  this  being  due  to  the 
hexagonal  form  of  the  aperture  in  the  net.  The  object  of  the  new 
method  is  to  bring  the  tension  crossways  of  the  fabric.  This  is  accoin- 
plished  by  winding  the  piece  by  a  windlass,  keeping  it  spread  out  in 
the  open  width  which  varies  from  SO  to  120  in.  and  even  more.  When 
the  piece  is  unwound  from  the  roll  and  folded  it  forms  a  sort  of  cush- 
ion about  20  inches'  wide,  and  from  40  to  120  inches  long,  the  latter 
being  the  width  of  the  goods.  .The  two  ends  of  this  cushion  are  then 
joined  by  fastening  with  strong  cotton  and  twine,  thus  forming  a  sort 
of  ring  or  skein  of  large  size  which  can  be  hung  on  a  stick  and  mani- 
pulated like  a  skein  of  yarn  in  the  liquor. 

It  is  clear  that  the  tension  brought  on  the  skein  or  ring  of  cloth 
will  be  crossways  of  the  piece,  producing  the  most  favorable  conditions 
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possible  for  preventing  a  displacement  of  the  faliric  structure.  By  an 
excess  of  precaution  the  cushions  are  often  boiled  off  in  a  cloth  sack, 
as  has  already  been  described  in  the  case  of  skein  yarn.  This  slightly 
retards  the  dissolving  of  the  gum  and  the  circulation  of  the  liquor, 
but  it  effectively  protects  the  fabrics.  The  difficulties  with  the  latter 
method  are  partially  remedied  by  using  a  stronger  solution  of  soap 
for  the  bath  and  by  rinsing  thoroughly  after  the  degumming  operation. 
Rinsing  the  Silk 
Rinsing  out  the  soap  held  by  the  boiled-off  silk  is  one  of  the  delicate 
operations  of  silk  dyeing  which,  if  carried  out  iaiproperly,  give  rise  to 
many  difficulties  in  subsequent  operations.  The  complete  removal  of 
the  soap  is  almost  inijiossible  in  practice.  If  a  neutral  solution  of 
fairly  neutral  soap  is  made  1  part  of  soap  by  weight  to  1,000  parts  of 
water,  and  diluted   it  with  10  volumes  of  distilled   water  to  1  of  the 


Fig.  3 — Dyeing   Silk   Pie««s  Under   Tension. 

solution,  giving  a  soap  content  of  1  part  in  10,000,  an  alkaline  reaction 
is  disclosed  by  phenolyptaline.  If  this  solution  is  then  exactly  neutral- 
ized and  again  diluted,  the  alkaline  reaction  reapiiears.  This  phe- 
nomenon shows  clearly  that  diluted  soap  solutions  set  at  liberty  alkali 
and  also  a  more  acid  soap  or  even  fatty  acid. 

When  silk  carrying  soap  is  rinsed  in  a  large  volume  of  water  this 
separation  takes  place  and  a  small  proportion  of  fatty  acid  remains 
fixed  on  the  fiber.  It  is  this  fatty  acid  which  gives  to  silk  that  special 
handle  which  is  called  craquant  in  the  mill.  The  silk  therefore  is  to 
be  rinsed  in  such  a  way  as  to  leave  a  trace  of  acid,  enough  to  give  the 
craquant  and  eliminate  the  remainder.  To  accomplish  this  result  the 
following  conditions   are  necessary: 

1.  Avoid  first  of  all  the  formation  of  insoluble  salts  with  an 
earthy  base  which  become  fixed  on  the  silk. 

2.  Retard  the  separation  of  the  soap  so  that  the  quantity  of  fixed 
fatty  acid  on  the  fiber  may  be  sufficient  and  not  too  large. 

3.  Produce  this  separation  at  the  right  moment  and  complete  it 
by  the  action  of  an  acid.  This  is  the  process  of  aviragr,  which  com- 
pletes the  rinsing. 
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American  Raw  Silk 
Company 


INCORPORATED 


Raw 

and 

Thrown  Silk 


25    MADISON   AVENUE 
NEW  YORK 

GEO.  WALWORTH  MIDDLETON 

Phones:      Madison  Sq.  6531-6532 
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K.  Wilbur-Dolson  Co. 

J,   G.   DOLSON,    President 
MANUFACTURERS    OF 

"Quality  First" 
Thrown  Silk 


Organzine— Tram  Specialties 

Japan  and  Canton  Crepes 
Hosiery  Tram  Cones  or  Skeins 

EXPORT — Exceptional   facilities  for  handling    export 
shipments  of  thrown  and   dyed  silks. 

17  MADISON  AVENUE,  NEW  YORK 

=  MILLS  = 


SO.  BETHLEHEM,  PA. 


CORTLAND,  N.  Y. 


REG.  ^L  V.  S. 

decAlso 

PATENT      ^fc         ^k      OFFICE 

WATER  SOFTENER 


Removing  ALL  HARDNESS 
from  water,  leaving   it  ideal  for 

THROWSTERS 
SILK  DYERS 
SILK  FINISHERS 

American  Water  Softener  Co. 


PHILADELPHIA 


PA. 


Parks  &  Woolson  Machine  Co 


Springfield  Vermont 


PICKING 
SHEARS 

FOUR    BLADES 
TWO  PICKINGS  TO  A 
FACE    IN    ONE    RUN 

SAVES  ITS  COST  IN 
ONE   YEAR 


RIBBON 
SHEARS 

TWELVE         RIBBONS 
AT  ONCE 

SILK 
DOUBLERS 

TRADEMARKERS 

MEASURERS 

INSPECTING 

WINDING 

ROLLING 


Silk  ruwinders  for  N  Y 
City  Stores 


Representative  in 
N    Y    City  every  week 


SEND  FOR  30 
CIRCULARS 


Model   AR  Silk  Trademarker 
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A  Machine  Wins  Preference 
Only  by  Performance 

THE  FACT  THAT 

THE  KLAUDER-WELDON 

DYEING,  BLEACHING 

AND  SCOURING 

MACHINES 

have  won  unqualified  preference  in 
all  the  principal  Textile  Plants  of  the 
United  States  and  Europe  is  convinc- 
ing evidence  of  their  reliability  and 
economy  of  operation.  By  doing 
more  work  for  a  longer  time  at  a 
lower  cost,  they  have  proved  their  su- 
periority to  thousands  of  satisfied  users. 

Our  engineers,  without  obligation, 
would  be  pleased  to  assi^  you  in  the 
selection  of  your  new  dyehouse  equip- 
ment. 

The  Klauder-Weldon  Dyeing  Machine  Co. 

Dyeing  •  Bleaching  -  Scouring 
Machines 

JENKINTOWN,  PENN.,  U.  S.  A. 


iiH 


40 


THINK ! 


of  a  YARN  HOUSE  dealing  in 


THROWN  SILK 

Tram  and  Novelty  Twists 
Dyed — Cones — Skeins 

ARTIFICIAL  SILK 

Twist  and  Floss 
Dyed — Cones — Skeins 


Mercerized  —  Bleached 
Dyed — Cones — Skeins — Tubes 


Backed  up  by  a  reputation  of  twenty 
years  of  honest  —  upright  —  square 
dealing — and  you  have  our  number 


MADISON  SQUARE 
44-94 


prai)k.p]  Pels  (9. 

EXECUTIVE  OFFICES 

17  EAST  24TH  STREET 
NEW  YORK,  N.  Y. 

MILLS :  New  Durham,  N.  J.,  Beacon.  N.  J..  New  York,  N.  Y. 
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MARCUS  FRIEDER,  PrtsUJent 

GENERAL  SILK  IMPORTING  CO.  Inc. 

YOKOHAMA  SHANGHAI  SHAMEEN,  CANTON 

MILAN  LYONS 

Raw,  Thrown,  Spun  and  Dyed  Silks 
Warps,  Insulating  Silk 

Prepared  in  any  standard  form  of  package 


MARCUS  FRIEDER.  Prrsulnit 

NATIONAL  SPUN  SILK  COMPANY 

l.NCOUrORATED 

High-Grade  Spun  Silk  Yarns 

For  All   Purposes 
Mills:    NEW  BEDFORD,  MASS. 


MARCUS  FRIEDER,  Prcsidfiit 

KLOTS  THROWING  COMPANY 

IXCORPORATED 

SILK  THROWSTERS 

MILLS 

.  CARBONDALB,   PA.       SCRANTON,  PA.        FOREST  CITY,  PA. 

ARCHBAbD,  PA,         CUMBERLAND  MD.  MOOSIC,  PA. 

LONACONING,   MD.        KEYSER,  W.  VA.        ALEXANDRIA,  VA. 

FREDERICKSBURG,  VA. 


General  Offices: 

TWENTY-FIVE  MADISON  AVENUE 
NEW  YORK  CITY 


